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LUTEIN TO PREVENT Ab$D/CATi+dXACTS OREGON EPC 

The Food and Drug’Administration (FDA) was petitioned for the following food-related 
health claims: 

1) Consumption of 12 mg Xangold lutein esters per day may reduce the risk of 
age-related macular degeneration. 

2) Consumption of 12 mg Xangold lutein esters per day may reduce the risk of cataract 
formation. 

Backgraund 

Lutein is a yellow carotenoid found in egg yolk, maize, leafy peen vegetables such as 
kale and spinach, and certain colored fruits su&h as melon and guava. The typical American diet 
is estimated to contain about 1,500 mcg of lutein in foods consumed in a 24-hour period, 
national surveys indicate that the average American consumes about 2;OOq mcg of lutein per 
day. 2 

Lutein is one of two.main carotenoids (along with zeaxanthin) present in the human 
retina and, in particular, the’macula, making up the macular pigment. Although the role of the 
macular pigment is not fully understood, it is hypothesized that its functions include limitation of 
the damaging effects of blue light through its absorption, reduction of the effects of light scatter 
and chromatic aberration on visual performance, and anti-oxidative protection against the 
adverse effects of photochemical reaction&r ’ 

Age-related macular d~~e~er~~i~~ 
Age-related macular degeneration @MD) is a progressive deterioration of the macula, 

the central portion of the retina. The macula is responsible for hi~~-~~~olution visual acuity and 
AMD often leads to loss of detailed object recognition in the central field &vision. There are 
two forms of AMD: non-exudative,(“dry”) and exudative (“wet”). The non-exudative form of 
AMD accounts for about 9Q% of ctises and is,characterized by deposits\ of -cellular debris, 
referred to as drusen, and changes in the photoreceptor cells and-the retinal pigment epithelium. 
The progression of non-exudative AND is slow and painless and- often~develops unnoticed. The 
main symptom is a gradual increase in dif&&y of fine dis~r~i~a~~ t&ks, There is no effective 
treatment or prevention for non-exudative AMD. 

Exudative AMD comprises about 10% of all cases of Al$D and res&ts from neovascular 
growth under the macula. Fluid and blood loss from the underlying blood vessels damage the 
photoreceptor cells of the macuIa and reduce visual a&$. The mainsymptoms are central 
blurring and distortion of sudden or&et. Progression of exudative AMD +n be rapid and can 
result in significant Ioss of visual acuity within weeks. Las~~~~o~~~~a~l~tion of the underlying 
blood vessels can reduce and retard the loss of visual acuity assQci~te~-.~i~~ this form of AMD.3 

AMD is the number one cau& ofirreversible loss of vision in people -age 65 years and 
older in the US The prevalence of AMD is increasing as the,population ages. It is estimated 
that 1.6% of the population in the 5Q- to 65-year-old age group is affected,‘increasing to 30% in 
the over-75 year old age group. -Significant risk factors for development of AND include 
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smoking, female sex, hypertension;, and family history of AMD. Whines are .much more likely to 
lose vision from AMD than blacks. L In 200$ AMD accounted for 54% of blindness in whites in 
the US, compared with 4.4% of blindness in blacks4 

Proposed mechanisms by which lutein may prevent AMD are as antioxidants to oxidative 
stress from metabolism, and reducing the oxidative effects of biue light by filtering short 
wavelengths of light.’ 

Cataracts 
Cataracts are the second leading Gause of blindness in the US;4,and cataract extraction is 

the most frequently performed surgery in the US.” The prevalence of cataract in the US is 
estimated to be about 5% by age 65,50%:m people ages 65 to 74+nd 70% in people age ‘% and 
older.7 In blacks in the US,. cataracts are the number one cause of~blindness.P 

A cataract is defined as a clouding -of the crystalline lens of the .eye. The clouding 
prevents light from passing through.the lens to properly focus on the retina, resulting in cloudy 
or blurry vision, glare, halos, decreased,night vision, a perception that colors are faded, double 
vision, need for brighter light when readmg, and’&equent changes in eyeglass prescriptions, The 
only treatment is cataract extraction, in which the cloudylens is removed and a permanent 
artificial lens is inserted.’ 

The pathogenesis of cataract is not Gompletely understood. Si~i~~ant risk factors 
include genetic predisposition, age, female sex, exposure to Ultraviolet-B radiation, diabetes, 
alcohol use, and smoking.6* 7 Types of cataracts include nuclear (the most ,common letiding to 
surgery), cortical, posterior subcapsular, and mixed. Each type has a different location in the 
lens and different risk factors for development. “In the US, whites are more likely to have 
nuclear and posterior subcapsular opacities, and blacks are more likely trs have cortical 
cataracts6 

The hypothesis that increased intake of lutein may prevent the development of cataracts 
is based on the assumption that the development of cataract is a cousequenee of decades of 
accumulated damage to lens proteirrs. Lu&n andzeaxanthin ar,e &e ~~~~mi~a~t carotenoids 
found in the human lens, and ingieasing levels of these carotenoids’in the lens 
may prevent or delay oxidative damage that contributes to’.ca~racl.forn.8 

through the diet 

The methodology for reviewing health claim petitions, includingtopic evaluation, 
literature search, study eligibility criteria, and study evaldation, were established by the Oregon 
Health & Science Universit) Evidence-based Practice Center @PC), the Tufts-New England 
Medical Center EPC, the Agency for HealthGare Research & Qual$y, and the FDA prior to the 
evaluation of this health claim petition The.methodology merges elements of processes used by 
the EPCs, an interim FDA grading system, and the US Preventive Services Task Force.g 

f-lea&h Claim Revkew 

The review team included a nutritionist, a family prac~~e. p~ysi~i~~ and an 
ophthalmologist, in addition to EPC staff, all of whom have experience in systematic reviews. 
The EPC worked in consultation with AHRQ and FDA representatives to &&fy issues related to 
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the proposed health claims, the populations, conditions, ~d~out~omes of interest, and the 
relevant study designs needed to assess the health claims. 

Literature Sear~R 

The Oregon EPC conducte$ supplemental literature searches-of midlife, CINAI-IL 
(Cumulative Index to Nursmg & Aflied’Health Literature); ~~~o~~~e,~a~abase of Systematic 
Reviews, Cochrane CentralRegister of Controlled Trials, the D&&ase #Abstracts of Reviews 
of Effectiveness (DARE), and Embase (se&” Appendix A ‘for search strategies) 1 We also 
conducted broad searc-hes of the. Irztemational’Bibli~~aphic ~nfo~ati~~ on Dietary Supplements 
(IBIDS) database and the UK Foods Standards Agency web site fusirrg the term Eutein), and 
hand-searched reference lists of sel&ted articles. 

Study SM3ction 

We reviewed far inclusion the full$ext of all articles submitted-by.th~ petitioner. We 
examined the titles and abstracts of citationi identified through ~upplern.e~~l searches and 
retrieved and reviewed the full-text articles of potentially relevant citations. All citations and 
articles were assessed independently by at-least two reviewers;. disagreements were resolved by 
consensus, To determine study eligibility? we applied the follow&g criteria: 

Population 
. Generally healthy.population 
0 All demographic ,groups 

Exclusions: 
e Patients with, macular degeneration or cataracts 
0 Patients with other conditions affecting vi&on (e.g., retinitis pigmentosa) 

Intervention 
e Intake of lutein ester4 

Exclusions: 
0 Combination supplement or food study where the effe@of Iutein could not be 

separated from other substances 
e Study in which the amount of lutein could not be, quantified 

Outcomes 
0 Measures of visual acuity 
l Surgery for cataract extraction _ 
0 Measures of lensopacity (e.g., Lens Opacity Cl&+sification System) 
l Retinal drusen changes 
., Atrophic changes characteristic of macular d~ge~era~o~ 

Exclusions: 
+ Intermediate outcomes, speci-fioally 
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- Retinal pigm&nt changes 
- Serum Iuteir&wel~ 
- Lens concentration of lutein 

There is evidence that increasing hrtein intake may increase the g.wular figment. lo However, 
the link between increased macular-patent and the prevention.ofA&4D or the link between 
increased levels of lutein in the lens and cataracts .is not established. F.or &is reason, we 
excluded studies that reported only retinal pigment changbs or changes in lens levels of lutein. 

Study.designs 
w Controlled trials 
e Observational studies 

Exclusions: 
l Letters, editorials, etc (no original data) 
l Abstract or poster 
l Case series with 6patients 
l Non-English language articles (except when a tr&rsJation ‘iq provided by the ’ 

petitioner) 
l Non-human subjects 

Reporting Results 

Two reviewers independently abstracted data and assessed, the Quality of each included 
study. Results were compared and’ disagreements resolved by consensus, With the input of a 
third reviewer if necessary. : 

The data from each study are reported in. evidence tables that provide detailed study data, 
summary tables that provide a succinct overview of the data for each health claim, and 
descriptively in the text. 

Evidence tables 
The evidence tables describe the study design, duration, efigibifity,criteria, population 

characteristics, method of measuring lutein:intake, bompamtor, followup rate, outcome 
definitions, methods and timing of ‘outcome measures, confounders cantrolled for in analyses, 
and results. 

The following results are, reported in the evidence tables: The risk of cataract extraction, 
incident cataract, lens opacities, or measures ofmacular d~~~e~~~on as the relative’risk or odds 
ratio by quintile of lutein intake compared with the lowest quin@eof intake. The 95% 
confidence intervals for each quintile and p-values for ,&ends- are also reported. 

Summary tables 
For each health claim, data from includedstudies-are synthesized in Summary 

Tables. These tables were developed by dondensing informa~ion‘~om the evidence tables and are 
designed to facilitate comparisons. and synthesis aGross studies, S~rn~ tables include 
information regarding study design, study sfze,;intervention and control, outcome measures, 
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results and methodological quality. 
times within tables. 

A s.tudy with multiple outboxes may be presented multipIe 

For each outcome the following information from the ~~~e~~~~di~g summary table is 
presented using a summary matrix: 
. methodologic quality 
. applicability of the population 
. the overall effect, reported as: 

++ A statistically signif”lcant @4X01), benefi&aI effect. 
+ A statisticany sign&ant (&GX05),~beneficia~ effect, 
0 No effect 

A worsened effect 

Quality~Grad,ing uf ~~id~~~ 

To assess the quality of the studies,.and thus to provide reader6 with an additional means 
to interpret the value of the evidence, we have applied a 34ategury grading system (A, B, C) to 
each trial. This scheme defines a gerreric grading system -fpr study quality that is applicable to 
each type of study design. 

A Least bias; results are vahd. A study that mostly adheres toithe commonIy 
held concepts of high quality, including the fo~~o~~~g: a formal 
randomized study”:’ dear description of the population, setting, 
interventions and comparison groups; appropriate measurement of 
outcomes; approp&i@e statistical and ,anaiytic methods &d reporting; no 
reporting errors; less‘ than 26% dropout; clear rep’orti6g of dropouts; and 
no obvious bias. 

B Susceptible to some bias; but nof sgfficient to invalidate the results. A 
study that does not meet all the criteria in category A. It has some 
deficiencies but none likely to cause major bias. Study may be missing 
information inaking assess-n-rent-of the limitations and potential problems 
difficult. 

C Significant bias that -may invahdate the rest.&& A,study with serious errors 
in design, analysis, or reporting. These studies may have large amounts of 
missing information or discrepancies in reporting. AH non-controlled 
studies are given this grade. ~ 

Because observational studies do not have random&&ion, slllocation concealment, and 
blinding, a core set of criteria diiferent from that used for RCTs was defined.for these studies. 
Criteria to assess the quality of prospective cohort studies were: ” 

* Unbiased selection of thq cohort (prospective recruitment of ‘subjects) 
* Sufficiently large sample size 
* Adequate description of the cohort 
e Use of appropriate ex~o~ure~~te~ention measure 
0 LJse of appropriate outcome measure 
l Adequate follow-up period 
l Completeness of follow-up 
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* Analysis (multivariate a#justments) 
l Error-free reporting of’rasults 

Criteria used to assess the quality of case-control studies were: 
* Valid ascertainment of cases 
0 Unbiased selection of cases 
0 Appropriateness of the c,ontroI population 
0 Verification that the control is free of outcome of.interest 
0 Comparability of cases ‘and eantrols with respect to potential confounders 
* Validated dietary assessi-nent method 
0 Appropriateness of’statistical analyses 

Assignment of I>veraWGra 

The topic experts assigned each proposed health claim an overall grade based on the 
interpretation of the overall evidence using the following system: 

A Significant Scientific Agreement/High level of comfort 

Grades for qualified claims: 

B Moderate/good level of co&ort 
C Low level of comfort 
D Extremely low level of comfort 
F Claim is very unlikely to be~valid-high-quality evidence of l$IO effect. 
I Little or no credible evidence for the intended population, insuff$$ent to determine the 

validity of the claim. 

In addition to the articles submitted by the petitioner, seven articles from supplemental 
searches were retrieved for full-text review. 

After full-text review, we included two cohort studies, two case-cuntrol studies, and one 
cross-sectional study for the claim about AMD. We included five ‘cohort studies and one case- 
control study for the claim about cataracts. We identified ‘rzo clini$al trials that met inclusion 
criteria. 

Health Claim I : Lutel~wto rwke the risk-x@ 
macular degewwatiop 
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Overview of the E3ody of kg 
We included five observational. s-tidks abcmk the ef&xt. af &e ~~oasumption of lutein 

esters on the risk of developing AMD.’ Details ofthe design,. character&&s, and outcomes of 
these studies are shown in Evidence Table 1. 

The best evidence was derived eoni two population based, prospective cohort studies: the 
Beaver Dam Eye Study (1998)” and the BlEue Mou&ains Eye Study (200;?).r~2 Each study was 
carried out in distinct. cohorts that ,were ,99% white, fre&living, urban, middle-aged and older, 
men and women. Both, studies estiniated-typical dietary intake oflutein with validated food 
frequency questionnaires and then measured incident ARM after 5 years. The median values for 
each quintile of lutein intake, adjusted for.‘energy int,~e,:r~~ged,~~r;n294 to1005 pg/lQOO kcal/d 
in the Beaver Dam Eye Study to 15 1 to 719 ~.$1000 kcal/d,(28& pgd. to 1466 @d) in the Blue 
Mountains Eye Study. Neither study examined intake of lutein in -supplement form because 
lutein as a dietary supplement was not cumniercially available at the time the studies were 
conducted. The Beaver Dam Eye Study’ ’ cohort (n=1586) resided in south central Wisconsin, 
was between 43-84 -years of age and was 55.5% ~female and ;14,5% male. The Blue,Mountains 
Eye Study12 cohort (n=l989) resided west of Sydney, Australia within two adjacent postal code 
regions, was 249 years of age, and was 5&9%~female and,43; lo/a male: 

Although the timeframe oft&e two studies overlapped, the design ‘&nd conduct of the 
Blue Mountains Eye Study was strongly informed by the Beaver DamI$ye Study. As a result, the 
Blue Mountains Eye Study closely>eplicated the major camponents of the Beaver Dam Eye 
Study rather than testing an independent design. ’ 

Both studies were judged to‘have “Imo,derate” internal validity (gmde B) and each was 
rated grade “‘11”’ for apphcabili 

ty 
. 

A cross-sectional study ’ and two case-control studiesi”’ r5 were m@uded hut judged to be 
of low internal validity (gade C) because they did not collect dietary intake data prospectively 
(i.e., intake data were collected after outcome status was know+ -We considered this a serious 
design flaw because it is impossible to determine whether the sub&c& lutein intake (or recall of 
intake) was influenced by their condition. Eor example, a person di&@osed with AMD may 
believe that his or her intake of certain nutrients was the cause of the AMD, and may 
consequently underestimate actual mtake, leading @the false conclusion that low lutein intake is 
associated with greater risk of AND. Be&use of this potential for diff~e~tiaI recall bias, these 
studies are not considered further,, but then results are displayodin &idenee tables and summary 
tables for the information of the reader. ,~lthoug~ these studies are suggestive of a link between 
diet and AMD, we looked for validation of these findings in pros&&ve &u&es. I, 

Outcome measures 
. . 

Both cohort studies used stereosco&c 30” color fundus p~~to~~~~ taken at baseline and 
after 5 years of follow-up to analyze for aspectrum of l&ions thonght.to Characterize early and 
later stages in the development of age-related madulopathy (ARM) and AMD, This array of 
lesions included drusen size and type, retinal pigment epithiIiu& d~~i~~tation, increased 
retinal pigmentation, pure geographic &o&y rtlnd exudative, age-related macular degeneration. 

In the Beaver Dam Eye .Study,t ’ an@ysts, blinded to participant characteristics, conducted 
side-by-side comparisons of baseline and follow-up photugraphs for each @ye to determine the 
appearance of a lesion at follow-up .that was absent &t baseline. ‘QnIy individuals who were free 
of specific lesions at baseline were included in the incident analysis of a specific lesion type at 
follow-up. Incidence of large (rlZ@ pm) drusen (n=1,361) and retinal pigmentary abnormalities 
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(n=l,405), early ARM lesions associated tith increased risk of late stage AJvID, were analyzed 
independently. In addition, inciden?e of ““tiy” ARM lesiori ,(n= 1279), including soft, indistinct 
drusen or any type of drusen assoc$ted with hyper-,or h~~-~i~en~~on was analyzed 
collectively. 

The Blue Mountains Eye Smdy12’ examined three &fl$erent outcomes as measures of 
macular degeneration: incident AMD, incident early ARM, and at ask-for;i:~cid~nt early ARM. 
Incident AMD was defined’as the presence,ofAMD in either eye at follow-up in individuals 
without AMD in both eyes at baseline. A&&D was characte&ed.by having‘two late ARM 
lesions: geographic atrophy involving the fovea, and neovascular AI&l@ (a$ defined by the 
International Classification and Grading-System for ARM and A~D~~‘~noident early AR&I was 
defined as the presence of early AR&I‘ineither eye at followup of persons without either AMD 
or early ARM in both eyes at baseline, and also withuut AMD at’follow-up. Early ARM was 
characterized as the absence of Al%D .and either’(I) Iarge (>I25 pm) indistinct soft or reticular 
drusen or (2) both large, distinct, soft drusen and retinal &per- or hype-pigmentation within the 
macular area. Subjects at risk for incident early ARM include@ those who: had at baseline 
distinct soft drusen or retinal pigmentary abnormalities alone, which were. not considered early 
ARM at the time. In addition to.incidence,’ progression of early *to more advanced ARM lesions 
was measured as a change from Age-related Eye Disease Study (AREDS) classification of 1 or 2 
at baseline to 3 or 4 at the S-year follow-up- extiination. The A&EDS Rese&ch GroupI defined 
Category 1 as free of ARM.abnormalities with fewer than 5 smal$;tisen ‘cc63 urn) and total 
dmsen area less than 125 pm. Q&gory 2.includes mild or borderline ABM abnormalities 
(multiple small drusen, single or non-extensive intermediate drusen (6%124,prn), pigment 
abnormalities or any combination of these. Category 3 includes at,least 1 Iarge drusen (125 pm), 
extensive intermediate drusen, or geagraphic atrophy that does not involve the center of the 
macula, or any combination of these. Category 4 includes ,a&ancod AMD involving geographic 
atrophy of the center of the macula or features of choroidal neov~scul~i~~tion, or 
photocoagulation for AMD. 

Results 
The two population-based prospective cohort studies found no association between 

dietary lutein intake and reduced risk of A$.M/AMD. 
In the Beaver Dam Eye Study” none of the p~icipa~~~ who were free of ARM at 

baseline developed late ARM (orAMD) characterized by neovascular or exudative macular 
degeneration or geo,graphic atrophy& during ,the 5-year follow~up per@. Therefore, all incident 
ARM cases in‘ this study were early AI?.M characterized by large drusenor pigmentary 
abnormalities. There was no significant trend ofi~verse.ass~oi~ti~n over all quintiles of typical 
dietary lutein intake either in tho.distant past ar at baseline tind therisk oflarge drusen (p = 0.86 
and p = 0.87, respectively) or~pigm~ntary.abnormalities.@ = Q.68 and p -:0.67, respectively). 
Likewise, there was no significant trend of inverse association between the typical dietary intake 
of lutein and the incidence of any ARM (data,not shown).‘ 

In the Blue Mountains Bye &udy t2,21 participants developed neovascular or exudative 
macular degeneration or geographic atrophy, during the 5-year foIlow+up period., However, 
there was no association between baseline: intake of lutein or any o$her! antioxidants examined 
and incident AMD (data not reported). Likewise, there was n,o s~~~~~~~~t &end of inverse 
association over all quintiles oftypical dietary lutein intake and the risk of early ARM (p = 0.90 
or p=O.93) when adjusted for age and gender or in a multivariate ~&&&s, respectively. Nor was 
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there any significant association between dietary lutein intake and progression from early to late 
stage ARM (AREDS ARM categories 1 or 2 to categories 5 or 4; resnl& not shown). 

Quality 
I 

Details of the quality assessment of the studies of D are shown in Evidence Table 2. 
The Beaver Dam Study wasrated moderate or B”‘for ir@rnal validity. This rating 

was based on the recruitment and selectiorrof a cohort of non-inst~~tonal~z~d, older men and 
women residing in a single township in Wisconsin. ~The’po&latien was: identified by private 
census and recruited through letters’ from primary care providers atid- the ‘principal investigator of 
the study with follow-up telephone Commnnication. Alt~ou~:p~ss~bl~, the risk of recruitment 
bias is considered low. The resultant sample size of i ,586 w&s powered for a study of early 
ARM, not AMD. Although early ARMhas been linked to AMD, it is not ,a defined risk factor 
for AMD. The follow-up rate at 5 years was 8 1% ofknown survivors a&.79.4% overall, and 
was considered borderline adequate. No -comparison was made “bet+veen those individuals lost to 
follow-up. and those completing the. follow-up examination, which leaves open the possibility of 
sampling bias. 

Lutein intake (exposure) was estimated witi a validated FPQ at a single point in time for 
baseline ,and 10 year past-intake. Admini~~tio~ of ‘a singleFF,Q~ at a single point in time to 
estimate nutrient intake is considered to be of moderate qu&y. The. authors report lutein intake 
indexed to energy intake but did not report absolute, unadjusle& lutein intake. However, when a 
nutrient selectively affects an organ system that is uncorrelated tiith body size (e.g., the retina) or 
if physical activity does not affect its metabolism, absolute intake may be most relevant.‘7 The 
authors argue that adjusting for energy i&&e minimizes extraneous variation due to general 
under-or over-reporting of food intake and to account for differences in body size and physical 
activity. However, by doing so the-ability to assess the impact ~~:l~te~~,o~ prevention of ARM 
may be limited. Reporting &d analyzmg_lutem intake indexed-to en&gy mtake would be a more 
significant issue if higher amounts and a greater range of lutein intake had been observed within 
the cohort. 

Stereoscopic 3-O” color fundus photographs, a ~&arch toolused to classify, quantify, and 
document lesions associated with A.RM/AMD, were compared;at baseline tid follow-up by 
research staff masked to participant characteristics It isassumeilt that the study participants and 
other research staff involved in dsta collection were.also masked to”thk results of the baseline eye 
examination, however, these detailsare not’provided. If masking of research staff and 
participants was not maintained the@ data ascertainment ~nd~ecallbias is ;a, possibility. 

The adequacy of the s-year: follow+tp,period to determine i~~i~~~.A~. and AMD is 
uncertain. Pigmentary abnormalities, like,large soft drusen,‘have beenobserved to predict 
incident late ARM over 5 years, i8 however the incidence rate from adisease free state is not well 
established. In the studies described here,‘there.were no‘incident eases of AMD in one study and 
21 cases (insufficient for analysis) in the&her. 

Odds ratios for quintiles ,of lutein &take were cal~ul~~d,from logistic regression models 
adjusting for multiple known and possible risk factors. This. rn~lt~v~~t~ regression analysis was 
considered appropriate and there wereno apparent reporting, errors. 

Because the methodology of the two studies was~similar~ the internal validity issues 
discussed in reference to the Beaver Dam Eye Study are alga. relevant to the Blue Mountains Eye 
Study. We also rated the B&e Mounmins .Eye, Study grade ““B” for internal validity. The cohort 
was recruited from the older, no~“i~sti~tionaliz~d male and female ~p~l~tiun residing within 
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two adjoining urban postal code areas in the Blue Mountains area in NewSouth Wales, 
Australia. The population was identified by door&o-door v&its &ng Austrahan National 
Census data and was judged to be suffic&tly comprehensive to result .in minimal recruitment 
bias. Individuals were excluded fmm analysis due to jncomplete or implausibible responses to the 
FFQ (n=343). These members of,the initial cohort tended lobe older, to have difficulty walking, 
and to be a cm-rent smoker. The- final cohort was comprised of 19I$9-individuals and represented 
75% of known survivors. This fofoilow-up rate was considered inadequate (>ZO% dropout rate) 
and may contribute to outcome ascertainment bias.- However, data was presented to illustrate 
that there were no differences in baseline lutein intake or other ~tiox~d~~ intakes between those 
who completed the study and those who were lost to follow-np. 

Lutein intake at baseline was estimated with a single validated EEQ administered by in- 
person interview and reported as absolute, unadjusted intake as-well as ‘energy adjusted intake. 
Data obtained from the administration of a single FFQ at a, si~gl~‘~oint in time to estimate 
nutrient intake is considered to be of moderate quality. 

Stereoscopic 30” color tindus photographs taken at base&e and follow-up were graded 
by research staff masked to partic@tit chtiacteristics usmg the W~s~~~s~n Age-Related 
Maculopathy Grading System and the AREDS ARM categories, accepted .methods of 
classification and diagnosis. The adequacy of the 5-year f~&wGup petiod is as described above. 
The multivariate regression analysis was: mnsidered appropriate and themwere no apparent 
reporting errors. 

- / 
Applicability 

t ? 
I : ;( $\ I ..I*” 

The applicability of each ~@$dy ;was rated moderate (IL) (Evidence Table 3). Both studies 
included middle-aged and older rne&and women; individuals c &or e 48 years of age were not 
eligible for participation in the two cohorts, Ahheugh A&4’.D ac&rsat .higher rates in white 
compared to black US populations, both studies were ~o~d~~te~,~n cohorts that were 99% white. 
Neither study included a broad sample of racial: and ethnicgroups. Thera;nga of dietary lutein 
intake in the two cohorts studied was low and narrow. Each &udy use$sas it;scomparator the 
quintile of lowest dietary lutein+t&e, which represents a fim$ed. exposure to dietary lutein. 
The median lutein intake of the lowest quintile.was 151 pg/l-O~tXI! kial/d (258 pg/d,or -14-19% of 
the average US intake.(-1500-20O@“pg/d)) in one study and 294 ~g/lOO~ kcal/d in the other. 
The median lutein intake of the”highest c@nti~e,was 719 &/ZOO0 kcaljd (It466 pg/d or 73-97% 
the average US intake) in one study-and 1006 &g/IO00 keal/din the other. SQ, while there were 
absolute differences in median luteti inta& amon,g the quartiles, in-each s&d, the lutein intake 
of the highest quartiles were similar to the average US intake, ,which in itself is considered to be 
low, and did not encompass the 12, mg/d ~~su~~l~rnenta~ lutem specified m the health claim. 
Therefore the’levels of lutein intakeobserved in these two stud~es~a~~th~.d~fferences between 
the upper and lower quartiles, were most hkely not suff&ient to answer the study question. 

The methodological- quali~cy,;app~~~~bili~, and ,detected effects of the studies are 
summarized in Table 1. 
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Lutein and zeaxanthin Intake 

(mc~~lOOO’kca~~day~ by quintile 

Odds katio (95% 
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A worsened effect 
41ntake assessment for both baseline (one year period immediately prior to FFQ) and distant past (one year period 10 years prior to FFQ) was 
made during the same interview at baseline. 
‘Intake as pgi4.18 MJ/d 
*Association was no longer significant after lutein intake was mutually adjusted with intake of multiple other nutrients, nor after pair-wise adjustment 
with vitamin C, while vitamin C remained significantly associated in both models. 
Abbreviations: 95% Cl = 95% Confidence Interval; NS = Not statistically significant (pz 0.05) 
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Aggrega,te Quafity of t idence 

The aggregate quality of the evidence for an inverse association between intake of lutein 
and risk of development’of AMD or early ARM was rated as moderate or “I?‘. Table 2 (below) 
illustrates these findings. Two po~ulati~~~b~~~ prospective short studies found no association 
between dietary lutein intake (at therange of lutein intake reported) and re$luced risk of 
ARJWAMD. The re,sults, showing no effect of lutein intake on risk of ~AMD, were 
consistent between the &u&es. Internal vali&ty for each ~~dy,was~udged to be moderate: 
identification and recruitment of subjects was appropriate, the methods of oollecting data were 
considered likely to impart minimalbias. The sample sizes were a$equate:.for the primary 
outcomes, but one study was po,wered only to detect ARM;, not Al?&D. Both studies evaluated 
outcomes after a Syear follow-up interval; a time frame that may be too short to assess incident 
AMD, and rates of followup wembelow 8@%, 

Two case-control s.tydies14 l5 found a decreased risk of Al&@ with higher lutein intake, 
and a cross-sectional study’! found decreased presence of soft drusen in subjects over age 80 
with the highest lutein intake (although not $n the overall study sample). ecause dietary data 
were not collected prospectively in these studies (ix,, intake d&a were colkxted after outcome 
status was known), these results are :not considered in the assessment of the aggregate quality of 
the evidence. . 

The applicability of eachsf$dy’was rated moderate or ‘W’ and the aggregate applicability 
of the two studies was rated “II”: Neither study addressed a‘broac sample of racial or ethnic 
groups; both cohorts were 99% white. Both studies limited,enrrir~lment,to individuals who were 
middle aged (>43 or >48 years of age) and:older. The ranges of lutiin intake vvere low and 
narrow and did not include the amount of lutein referenced in the health claim (12 mg per day). 

Table 2. Summary matrix: ~s~~cj~~~,~n of diejary lw~~~~;~~ta and risk of macular 
deaeneration 

uverau CIICCC reporieu as: 
++ AstatistiGafly sig&ficant (p<O.Ol), beneficial effect. 
-f- A statistically significant (p<O.O5), beneficial effect. 
0 No effect 

A worsened effect 
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Overall Grade 

The overall grade for the’hqalth claim that ‘“Consumption of 12 mg Xsngold lutein esters 
per day may reduce the risk of age-related, macular dege~eratiun’~ was judged to be “1.” This 
grade is based on the aggregate -qt.&y of the evidence (moderate), the ag regate applicability of 
the evidence (moderate, or f‘IT”) and the lack of effect-of driet:tary,-lt~t~i~.~~t~ke on risk of 
developing AMD/ARM in studies of moderate methodologicai quality. Two moderate quality 
prospective cohort studies were included in this review z+nd neither found an effect of dietary 
lutein intake on prevention bf AMD. The more recently reported study, the Blue Mountains Eye 
Study, was heavily informed by the previous study, the Beaver D&n Eye Study. The findings 
reported in these two studies were consistent and may be-due, :at least in p$trt, to the low and 
narrow range of dietary lutein intake of.the cohorts observed. ~~~he~o~e, evidence in support 
of this health claim may be Ilimited ‘in that ‘neither study examined h&n intake at the level of the 
general US population or populations known to consume high amour&. ofdietary lute& in the 
form of dietary supplements, or at the level specifi,ed in the he&h claim (12 mglday). 

The evidence is insufficient-to support the claim that intz$e of,die&ry lutein may reduce 
the risk of AMD. However, the limited number df &&es av&iiifable forr&ew, and the features 
of these studies may have limited the ability to detect a rel~ti~~shi~,be~we~~~ hrtein intake and 
ARM/AMD. Specifically, the Limited and low ranges ,of,lutem intake observed, the older 
populations studied, and the relatively short duration of follow-up reduced, the applicability of 
the results. To gain a better understanding of the protective role‘of lutom on ARM and AMD, 
future research should include we&design$.l prospective cohort studies that enroll a younger 
cohort, expanded ethnic and racial, representation, and include ~o~~~~t~~ns~~own to routinely 
consume higher amounts of dietary and/or supplemental lute&r. The perio4 of follow-up should 
extended beyond 5 years to :better assess and distinguish short-term and long-term effects of 
lutein intake and to capture what may be an independent ef%ot of futein ‘on later stages of 
AR.M/AMD. Additional research should address the differential effect of hrtein consumed as 
food versus supplement on AWAMD, if any, and the safe upper&vels of lutein; short-term 
(140 d) intakes ofup to 30 mg of lutein per day have been reported. 

Until. recently, prospective cohort studies capturing ~~~~~~~ly high lutein intakes were 
limited in scope due‘to the low consumption of lutem in the typical US diet. Now, lutein is 
available over-the-counter as a di,etary supplement as a s~n~le’~p~~die~t or in combination with 
other vitamins and minerals. In addition, in 2003 lutein was designated as’Gene&lly Recognized 
As Safe (GRAS) by the FDA and approved,for use as a food-additive 6 a variety of foods and 
beverages. Addition of lutein to the food supply as a dietary su~~~~rn~nt. @r food additive will 
likely increase the consumption of lutein m the US and extend thepotential of prospective 
population based cohort studies to define relationships between lutein inn&e and age-related 
macular degeneration. 
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Health Claim 2:. Lutein& red.ucs the risk 

Overview of the .Btidy. ~i~~~at~re 

Evidence for the effgxzt of consumption of lutein esters,on t&e r&k af cataract fort-nation 
was derived from five observationa studies. Details ofmesestudies are &scribed in Evidence 
Table 4 (characteristics and results), Evidence Table 5 (internal validity}i, and Evidence Table 6 
(external validity). 

1g-22 
The best evidence comes from four;cohortstudies carried:out o$r three distinct cohortss~ 
All of the studies examined dietary&&e of lutein as mea~~ed by food frequency 

questionnaires. None of the studies’examin~d-intake of lutein in th& form of supplements. The 
studies examined three diffaent outcomes. as measures of cataract formation; These outcomes 
were: incident extraction of~cataraCt;‘g‘ 21 
study peri0d.s. 22 

incident cataract;?’ ‘and lens-opacity at the end of the 
AdditionaUy, the studies examined three.different catara&t subtypes (nuclear, 

cortical and posterior subcapsular), +urresponding to the three rn~~boli~al~y, distinct zones of the 
lens. The subtypes occur with different frequencies and may have, differem etiologies, Two 
studies examined all three shbtypes combined, and also analyzed nuclear and posterior 
subcapsuiar cataracts separately. r9+ 2? 
separately,** 22 

One study ~xamined.~ach ofthe three subtypes 
and, one study was of nuclear cataracts only?’ Follow-up periods ranged from 5 

years to 15 years. 
Two studies were conducted in the Nurses’ Health -Study (‘NIKS~ cohort. Qne of these was 

based on the entire NHS cohort.“* The other, called the vutrition and\ Vision Project (NVP), was 
based on a subset-of the NHS cohort made up of w.om~n.l.iv~~g in a single~metropolitan area.*’ 22 
One study was conducted in the ~~alth.P~~~essi~nals Follow-up ,S~dy~(~FS) cohurt,ig and the 
fourth was conducted in the Beaver Dam Study c;ohort2’ 

The size of the study populations ranged from 478 to 77,466. All of the studies were 
conducted in the United States. Two studies yere of women~only,** 21* 22 one ,was of men only,lg 
and one included both women and men2’ All included p~do~~~tly white populations. 

Three of the four cohort studies had good internal validity (grade A)*’ i9$ 21) 22 and one was 
rated grade C.20 Because the pop~~tions,s~d~~ were r~~rese~~tive on&of relevant subgroups, 
and not of the entire target population, each was rated grade t‘fI” for applicability. 

One case-control sttidf3 met inclusion criteria, and was judged to be of low internal 
validity (grade 6) because information on dietary intake ,of lutein was not-collected prospectively 
(Le., intake data were collected *atier ou@ame status was known).. W’e ‘con&dered this a serious 
design flaw because it is impossible to determine whether th~~u~j~~ts~,~re~all of lutein intake was 
influenced by their condition. For example, a person with knoivn oatara&s may believe that his 
or her intake of certain nutrients was the cause of the cataracts, and,may consequently 
underestimate actual intake, leading to the false conclusion that low-lutein intake is associated 
with greater risk of cataracts. Because of this,potential for di~fe~~~t~al~rec~ll bias, this study is 
not considered further, but its results are displayed in evidence tables and summary tables for the 
information of the reader. 

Study Summaries 
The included studies are summariied by outcome rne~s~~e, below. 
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Cataract extract-km 
Two good quality (grade A) prospective cohort studies ex~~i~ed-tbe relation between 

dietary Iutein intake and cataract extra&o~.“9J ” 
was carried out in a di.fferent cohort. 

These studies were of a similar design, but each 

Brown” studied a baseline ~opula~on of 36,644, p~e~omin~t~y white, ,male health 
professionals (dentists, optometrists, osteopaths, podiatrists, pharmacists, snd veterinarians) 
between 45 and 75 years of age who were enrolled in the ~eal~p~~f~s~i~als Follow-up Study 
(HPFS) cohort. An unspecified number of tien.in the HPFS cohort were later included in the 
Brown (1999) study as they reached 45 years of age, for a total ,of307;259 person-years of 
follow-up over the &year study period. 

The validated FFQ used to measure dietary lutein intake<was mailed to all members of 
the HPFS cohort in 1986 and again every two years. The FFQ asked about intake during the 
previous year. For its primary analysis, Brown (1999) used.only the 1986 baseline FFQ to 
calculate lutein intake. They also performed an analysis using the same baseline intake data 
(from the 1986 FFQ) for the first h&f of the g-year study period,.and the average of data from 
two FFQs (the 1986 baseline and the 199Q study midpoint) for the secondhalf of the study 
period. The outcome of cataractextraction &as measured prospectively b@ed on participant self- 
reporting on biennial questionnaires, and confirmed by the,aubject!s ophthalmologist and 
medical record review. All i=ataract subtypes were included and u.ot ~~~r~~tiated for the primary 
analyses. Sub-analyses by type of cataract were also,reported. Analyses Gere-adjustedfor 
multiple known and possible risk factors, including age, cigarette smoking, and diabetes. 

The median values for each @rintile of energy-adjusted lutein i&&e ranged from 1300 
pg/day to 687 1 yg/day. A total of 840 “cases of cataract extraction were reported, The study 
found a modest but nonsigtrificant decrease in risk of C extraction i,n the top quintile of 
lutein intake compared with the bottom quintile of intake ( = 0.81;.9S% CI: 0.65, 1.01). The 
test of trend of decreasing risk of first catamct extraction wi in&easing intake of lutein was 
significant (P = 0.03). 

Brown reports that the results of analyses using cum~~~tive‘int~e data from two FFQs 
(as described above) were similar to the results of analyses using the b&ehne intake alone. For 
this analysis, they oniy report the multivar@te RR of the top quintile of lutein intake compared 
with the bottom quintile of intake (RR = 0,78; 95% CI: 0,62, @,98)j and the P for trend = 0.01. 
Comparison of the top decile to the.bottom .quintile found a similar and non-significant decrease 
in risk (RR = 0.78; 95% CI: 0.59, 1.03; P for trend = 0.02). Anal$is was$so conducted using 
each of the three cataract subtypes as the outcome variable. After excluding those subjects with 
more than one type of catarbct, or for which subtype inf~~atio~ was not available, there were 
207 nuclear, 136 posterior Oapsulaz (PSC), and,46 cortical catara$s. MD difference in risk was 
found between nuclear and :PSC &taract subtypes. Data on co&al cataracts were too sparse for 
analysis. 

Brown was rated good (grade A) for internal validity (Ev&$~~ce Table 5). Selection of the 
study cohort appears unbiased; description of the cohort was adequate;. exposure and outcome 
measures were appropriate; the follow-up period was adequate; and the analysis was appropriate. 
The dietary assessment using multifile measures of a validated FPQ,over time is considered a 
high quality method. The study received an applicability rating of “‘IT”, reflecting a study sample 
that is representative of a relevant subgroup (white .male- health p~ofes~~io~als) of the target 

FINAL REPORT Page 18 of 29 



LUTEIN TO PREVENT AMD/CATAR&TS 

population of all. healthy adults. Applicability was also limited by a lack of comparison of the 
background diet of the study pop&&ion with that of the general IJS population. 

Chasan-Taber2i studied a baseline population of 50>461, pr~domin~tly white, female 
* registered nurses between 45 and 7 L years of age who Were enrolled~ixl the Nnrses Health Study 

(NHS) cohort. As they reached 45 years of age, 27,005: additional women in the NHS cohort 
were included in the Chasan-Taber study,’ for a totalof 77,466 subjects and 76 1,762 person-years 
of follow-up over the 12-ye,ar study period. 

The validated food frequency questionnaire (FFQ) used to measure dietary lutein intake 
was mailed to.all members of the NHS cohort in 1980, and an expanded version of the FFQ was 
mailed to all NHS cohort members in l984, The FFQ asked about. int&e during the previous 
year. 

To calculate lutein intake, Chasan-Taber used the data frum the. 1980 baseline FFQ,alone 
for the first 4 ye&s of the U-year study period, and used.the aver&e of two FFQs (1980 baseline 
and 1984 follow-up) for the subsequent 8 .$ears of the, study period, The outcome of cataract 
extraction was measured prespectively based on participarit self~repor@ng,pn biennial 
questionnaires sent to all NHS cohort members; and confirmed by the subject’s ophthalmologist 
and medical record review. :A11 cataract s&ype3 were included and n@ differentiated for the 
primary analyses. Sub-analyses’by type of cataract were also reported, Proportional hazards 
models were used to adjust ,for multiple known and possiblerisk factors, including age, cigarette 
smoking, and diabetes. 

The median values for each quintile of energy-adjusted lutein intake ranged from 1172 
pg/day to 11685 pgday. A total of 1471, cases of cataract extraction were reported. The study 
found a modest but non-significant decrease in risk of cataract extraction m the top quintile of 
lutein intake compared with the bottom quintile of intake 
test of trend of decreasing risk of f&St cat&act extraction 

= ,088; QSo/‘o CI: 0.75, 1.03). The 
increasing intake of lutein was 

significant (P = 0.04). It is notable that this reduced Ask was less pronounced in Chasan-Taber 
than in Brown, despite a wider range of median intake for the top quintile versus the bottom 
quintile. 

The study found the risk to be~significantly deereased in -the tog de&e of.intake 
compared with the bottom quintile ,(RR = 0.78; 95% CI: O&i3,095), and to a comparable degree 
as Brown.lg When placed in & two nutrient model with carotene3 the relative risks for lutein 
intake were reported to be slightly attenuated and no longer significant ( es not reported). 
Analysis was also conducted using each of the three cataract subtypes a outcome variable. 
After excluding those subjects with.more than one type of Gtaract, or for &hich subtype 
information was not available, there were 388~nucle&+~ 3 14 posterior capsular (PSC), and 56 
cortical cataracts. The relative risk of top quint&e to bottom quintile for nuclear-type cataract was 
attenuated compared to total cataract (RR = 0.93; 95% Cl: 0,68, 1,28), and the relative risk for 
posterior subcapsular cataract was more strongly inverse (RR = 0.68; 95% CI: 0.48,0.97). Data 
on cortical cataracts were too sparse for ,analysis. 

Chasan-Taber was rated good (grade A) for internal validity. Sele@ion of the study 
cohort appears unbiased; description of the cohort was adequate; expasure and outcome 
measures were appropriate;l the follov&-up period was adequ$e; aud the analysis was appropriate. 
The dietary assessment using mult$e measures of .a validated FFQ over time is considered a 
high quality method. The smdy re&ived an, applicability rating’of ccII”J reflecting a study sample 
that is representative of a relevant subgroup (white female nurses) of the tqrget populatian of all 

* 
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healthy adults. Applicability was also,limited by a lack of ~om~arison’o~ the background diet of 
the study population with that of the general US populatiom 

Lens opacity 
A good-quality (gra;de A) cohort study examined the relation between dietary lutein 

intake and lens opacitiesV8* 22 The study, called the Nutrition and Vision Project (NV), was 
conducted in a subset of wqmen from the NHS cohort between 53‘to 73 years of age who resided 
in the Boston area. Participants were recruited without regard tonutrient intake after four FFQs 
(routinely collected for the NBS) had already,been completed. All participants then completed an 
additional FFQ and underwent a detailed, ,standardized eye examina~o~, The results were 
reported in two papers; one: assessing nucleon lens opaci,ties,’ and one assessing cortical and 
posterior subcapsular (PSC) lens opacitiesZ2 J”acques reported analysis of 478 women for nuclear 
lens opacities, and Taylor reported .analysis of 492 women for cart@al and, PSC lens opacities. 

Dietary lutein intake w.as calculated as the‘average intake from, 5 validated FFQs that 
were mailed to participants iand collected over a 13 to 15 year period ptioti.to evaluation of lens 
opacities. The biennial FFQs asses$ed inn&e for the previous year. P 
taken to measure the degree of opaeification of each of the three fenti 

raphic images were 
ones. Two individual 

graders arrived at a consensus score’using:the Lens Opa~ity~lass~~~a~io~ System III (LOCS 
III). Because of difficulty in assessing.features of the PSC regionusing images, in vivo 
measurements with LOCS III were used instead afthe photographs for analysis of FSC opacities. 
The outcomes of nuclear, cortical-and PSC lens opacity were each defined with a respective 
opalescence grade threshold (2.5 or greater,for nuclear, 0.5 or greater for cortical, and 0.3 or 
greater for PSC). These thresholds-are noted to represent early opacification and. are not 
associated with symptoms. iOdds r&es were calculated using the GEE method of logistic 
regression adjusting for multiple.known and possible risk factor-g including age, cigarette 
smoking, and sunlight exposure. 

The median values for the second lowest to the highest quintile of lutein intake ranged 
from 2400 ug/day to 5600 I;lg/day. 

Jacques8 reported 478 cases of nuclear lens opacity, and found:a mederate and signif&nt 
decrease in the odds of nuclear opacities in each of the top-four q~~~ti~es of lutein intake 
compared with the bottom quintile,of intake. (Top quintile,compared with bottom quintile OR = 
0.52; 95% CI: 0.29,0.91). ho significant linear trend of decreasing risk of nuclear opacities with 
increasing intake of lutein was observe&(P = 0.08)* When-h&in intake was mutually adjusted in 

+a model with intake of multiple other nut+ents, however, none of the assobiations of lutein intake 
and opacities remained significant. Similarly, when lutein intake was included in a,pairwise 
adjustment with vitamin C, lutein was no.longer significantly associated with nuclear opacities. 
Intake of vitamin C remained significantly associated with nuclear opacities in both models. 

Taylor22 identified 246 cases of cortical opacity and 86 cases of PS:C opacity. Fifty-six 
women who had both cortical and PSC opacities are included in,both categories. They found no 
significant reduction in the odds of either cortical orPSC opacities in any of the top quintiles of 
lutein intake compared with the bottom quintile.uf intake. No significant trend was noted 
between lutein intake and cortical or PSC‘ opacities. 

The NVP study** 22 was rated good (grade A) for internal validity. Selection of the study 
cohort appears unbiased; description of the-cohort was ad~uate~,~~p~~e and outcome 
measures were appropriate;, tbe,follow-up,period was a~~~at~; and the analysis was appropriate. 
The dietary assessment using multiple measures of a validated FFQ over time is considered a 
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high quality method. The study received an applicability rating of “II”, reflecting a study sample 
that is representative of a relevant subgroup (white female nurses) of the target population of all 
healthy adults. Applicability was also lim$ed by a la&of comparison of the background diet of 
the study population with that of the general US population. 

Incident cataract 
One poor quality (grade C) population-based, prospective cohort s&dy examined the 

relation between dietary lutein intake and%incid& nuclear cataragts.” This study followed 1354 
primarily white residents of BeaverDam, ,wisconsin between 43 and 84 years of age. Subjects 
were both female (53%) and male (97%). aietarylutein,‘~n~~e wai measuied using a single, 
validated FFQ administered in-person, fiuring this in-person interview, participants were asked 
about dietary intake for the -previous year, and also about intake in the distant past (a one-year 
period corresponding to 10 years prior to the FFQ). The intervi.ew was conducted approximately 
1 month after a baseline lens photograph; a,physical ex~~~t~~n~ a&a standardized 
questionnaire to asdertain medical history, demographic characteristics and behavioral 
characteristics. It ‘is not reported that the-interviewer a&the ~a~~~ipant were blinded to the 
results of the baseline examination,. 

Nuclear opacities were ind~~e~de~tly assessed from ~ho~~~~~s by two graders who 
were unaware of subject characteristios. Lenses were graded on a five-step ordinal scale (levels 1 
to 5) using a set of standardized photogra;pbs for comparison. Levels 4 and 5 were considered 
“severe nuclear opacification”, and levels 1 to 3 were considered not severe, Lens photographs 
were taken at baseline and again 5 years later. ~a~i~ip~ts.wer~ cl;assified as having an incident 
cataract if both lenses were ‘?Zi-ee of severe opacification at ba$.eline, and $t least one lens had . 
severe opacification at the f&e-yeae followup examination. Odds.ratios for quintiles of lutein 
intake were calculated from logistic regression models adj~~ti~~,f~r multiple known and possible 
risk factors, including age and cigarette smoking. 

The median values for each quintile of energy-adjusted lutein intake ranged &om 298 
@4.18 MJ/day to 1245 pgl”4.18 P&J/day. A total of 246 cases of incident nuclear cataract were 
reported. Lyle (1999) reports a moderate and significant decrease in,th$, odds of incident nuclear 
cataract in the top quintile of lutein intake compared with the bottom quintile af intake (OR = 
0.5; 95% CI: 0.3,0.8). The test of trend of decreasing risk ofincident nuclear cataract with 
increasing intake of lutein was sig@cant(P’= 0,002). These ass?oeiations were only significant, 
however, for dietary intake ‘in the distant past. When analyzed ,$or diet&y intake at baseline, no 
significant associations were found (OR =‘0.70; 95% CL 0,4, 1.1; I? for trend = 0.10). 

Lyle was rated poor;(grade 6) for int.ernal validity (Evid.tice Table 5). This rating was 
due principally to the potential for significant ‘bias that was not ~equ~~el~.ad~essed in the study 
report. Although the study reports that the grading of opacification was blinded to subject 
characteristics, it is not reported that subjects or FFQ interviewers were bhnded to the results of 
the baseline eye examination and/or the baseline medical, de~o~~~hie .and behavioral 
information. This leaves the possibility of significant differential i~f~~at~on bias and/or recall 
bias. Although the relatively high number of subjects lost to follow-up (24.5%) is reported by 
general category, no comparison v&s made betvveen those lostto follow-up and those not lost to 
follow-up. This also leaves the possibility of $i~i~ca~t,bias* The definition of five-year incident 
cataract did not distinguish between modest progression of a continuous piocess of opacification 
already presentat baseline (e.g. level 3 progressing to level 4) and development of opacity in 
those with little evidence of opaci&ation at baseline (eg. level 1 progressing to level 5). Given 
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, the nature of cataract as a gradually progressive process of o~a~~~~at~~~ this may be an 
appropriate definition, but as an outgome measure it has the pot~~t~a~ to bhn the extent of the 
possible effect of lutein intake on cataract formation. The dietary assessment using a single 
measure of a validated FFQ] is considered a moderate quality method, Thestud;y received an 
applicability rating of “n”, reflecting a study sample that is ~ep~~s~nt~~~e of a relevant subgroup 
(white residents of a single town) of the target population of ~~~,h~a~th~ adtilts. Applicability was 
also limited by a lack of comparison of the background diet of the‘stu& population with that of 
the general US population. 

Summary of the Bodyiof Literature 

The methodological; quahty~ applicability, and detected effects of the studies are 
summarized in Table 3 (below). 
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Median lutein intake by quintile 

Relative Risk’ (95% Cl) 

(0.81J.23) ,(0.79,1.20), (0.67J.04) (0.65,1.01) 

Gupmlative (2) FFQs: 
Highest qui~~~~~w~st quintile RR 7 0.78 (0.62,0.98) 

15 ) -1.00 0.45 f-&@‘ i ’ bj;Gjp 0.52 
opacity (0.24,~,~) (0.25,0.94) (0.21,0.72) (U.29,0.91) 
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(0.38,l.M) (0.78,2.15) (0.62,1.67) (0.52,1.44) 

(0.:; 5) (O.i:l.7) @.::I -6) (O.:fl. 1) 

Intake’ in distant past: 

(0.6, 1.6) (Op4,71.2) 

‘Relative Risk as Rate Ratio (Brown 1999 and Chasan-Taber 1999) or Odds Ratio (Jacques 2001, Taylor 2002, Lyle 1999, Valero 2002). Relative 
Risk in each study adjusted for main confounders as reported in article. 
2Trend for inverse association. 
30veraIl Effect reported as: 

++ A statistically significant (p<O.Ol), beneficial, effect. 
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f A statistically significant (p<O.O5), beneficial effect. 
0 No effect 

A  worsened effect 
41ntake assessment for both baseline (one year period immediately prior to FFQ) and distant past (one year period 10 years prior to FFQ) was 
made during the same interview at baseline. 
‘Intake as pgf4.18 M I/d 

Abbreviations: 

Cohorts: 

HPFS = Health Professionals Follow-~~ Study 
NHS = Nurses Health Study 

P  = Nu~~on and Visioxx Project (s~ba~t Born NHS) 
Beaver Dam = Beaver Dam Eye Study 

Cataract Subtypes: 

N W  = Nuclear 
CorE = Cortical 
PSC = Poster& S~~a~s~lar 

Other: 95% CI = 95% Cdtid&ce Interval 
N$ = ?-kit statistically si~~~a~~ (p>O.O5) 
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Aggregate QuaFity tif the. .Evidenc 

To determine the aggregate quality of the evidence, we fist rate the quality of the 
evidence across stu&ksfar each outcome, and then rat& the~quality of the evidence 
across outcomes. We consider both methodological qu&ty and results: In the four studies 
reviewed for this health! claim, three d~fferent~out~ome measures were &ed. Given the 
small number of studies, we did not consider each cataract subtype’ as a separate outcome 
for the assessment of aggregate quality- 

I. 

The quality of evidence for the outcome of cataract extiaction was rated as 
moderate. Two observational studies found associations of only mode@ strength and/or 
lacking statistical significancel~ 21 Wernal validity was good, the results were generally 
consistent between the studies, and the sample sizes.were adequate. 

The quality of the evidence for the outcome of lens 0p~i~y.w~ rated as low. 
Jacques’ found a signifi&nt association of moderat~,s~en~~ for nxxlear, opacities, that 
did not remain significant when adjusted for other nutrients. Taylo? found no significant 
associations for cortical or PSC lens opacities. These observational studies had good 
internal validity and adequate sample sizes. 

The quality of the evidence for’the outcome of incident, cat&a&. &as rated as low. 
Lyle” found a simificant moderate association for lutein,,intak~ in.the,,diStant past, but 
not at baseline. The internal validity,was rated low. ~e:~arn~Ie size w:as adequate. 

One ease-control study23 reported no association betieen the prevalence of 
cataract and lutein intake, but the level ofthis evidenie, is, low becausedietary data were 
not collected prospectively, and its results were not con&&red in the assessment of the 
aggregate quality of the] evidence. 

Given the pr~do~in~tl,~.low quality of the evidence for each outcome measure, 
the aggregate quality of the evidence across all three outcomes was rat+d as low. 

Although the applicabil$y of each study was rate~~oderate (II), in aggregate the 
studies address both genders and a gee ically broader popula~on~ Still, three of the 
studies were limited to health p~ofess~~nal~~ none of the studies address. a broad sample of 
racial and ethnic groups, nor did any comparethe dietary intake of the.study populations 
to that of the general I.$ population. The aggregate applicability of the studies was, 
therefore, rated moderate (“IT). 

Overall Grade 

The evidence for an association between lutein intake and catatiact formation was 
judged to be insufficien$ and the ovpral.1 grade fur the health claim is ‘2”. 
This grade is based on the aggregate quality of the evidence (low) andthe aggregate 
applicability of the evidence (moderate, or “II”). Only two good quality cohort studies 
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and one poor quality cohort study four@ a modest effect that was not consistently 
significant. The effect was also inconsistent with respect to-cataract subtypeand with 
respect to correlated.effects of other nutrients. Some of this in~ons&+ency may. be due the 
use of different study methods and d~~~re~t measures. of cataract ~~~~tion, and to the 
small number, of studies for any single outcome measure-or Cataract s%btype, 
Additionally, the ability, to mumally agjust-the effects of ~te~~,a~~ other nutrients may be 
limited by the high correlation that occurs because many nutrients are found together in 
foods. The evidence in support of the heahh claim is also limited in that none of the 
studies examined lutein intake in then form of dietary su~l~me~ts; the levels of intake 
studied were lower than the level specified in the health” claim (12 tig&lay); and none of 
the studies compared intake of the study populations to that of the general US population. 

Although the evidence is insuffi&nt to support the claim that intake of lutein 
may reduce .the risk of dataract formation, the small ~ene~~~al.~~f~~t~~~u~d in a small 
number of studies warrants further investigation” Future research skotid include well: 
designed, multi-center RCTs, with some speci:fic evaluation of lutein i$l supplementform. 
Some RCTs should include a period of long-term follow-up of lp to 12 years so that the 
short-term and long-term effects of lutein intake- can be dist~~~~s~~d. , Studies are needed 
that compare the lutein intake of study subjects with that of,the general US population. 
Additional research should address the potential ,difference in effeot on cataract formation 
between lutein intake as food and lutein-intake in suppgement form. And, future research 
should include investigation of.safe levels of lutein intake. 
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able 1. Observational Studies of Lutein to Reduce _. Risk of Macular Degeneration 

Author, Year, Age 
country Gknder 
Study Name N Study design Duration Eligibility criteria Ethnic& 
Vatiderilangenbeig 1586 Pdpdation- 5 years eon-jn~f~tu~ona~ized r&id&ts of Beaver Dam, 37.6% <‘age 55; 
kit al, 1998 (completed all based Wisconsin &ad 43-84, free of prevakrit, late- 29% age 55-64, 
us assessments- prospective stage c$ease at baseline and with gradable 26.1% 65-74; 
Beaver Dam Eye baseline cohort retinal photographs rit both baseline and f6ilowup 7.1% ?5 or older. 
Study FFQs, exams. 55.5% female 

‘baseline and ,.. . -&hnicity not 
f/u eye exams) repoti+d, 

“primarlfy 
Gau&sian” 

Entire ,cohort’ 99% 
white ’ 
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Evide, able 1. Observational Studies of Lutein to Reduce _- Risk of Macular Degeneration 

Author, Year, 
Country 
Study Name 

Ftdod et al; iOOk 
Australia 
Blue Mountains 
Eie Study 

Age 
Gender 

N Study design Duration Eligibility criteria Ethnicity 

1,989 Population- 5 y&s Nonins$tutionalized ksidents aged 49 years or Mean age 64.2 
based oider. 56.9% female 
prospective 100% whit& 
cohdrt 
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Evide. able 1. Observational Studies of Lut+in to Reduce Risk of Macular Degeneration 

Author, Year, 
Country 
Study M ame 

Maie&Periman et al, 
2004 
us 
Third National 
iieaith.knd 
Nutritfw 
E~arnin~~i~~ 
survey GNATS 
Ml) ’ 

Age 
Gender 

N Study design Duration Eligibiiity criteria Ethnic& 

8,222 cross- NA (not Stratified probability sample of the civilian Mean age 57 
sectional prosp&tive) nonin~ti~~ona~~ed US poptiiation. Certain years; 83% white, 

populaton subgroups, including blacks, Mexican 
Americ$ns, and adults aQed SO ‘years and older, 

8% non-Hispanic 
blacks, gender 

w&e oversampled so that stable estimates could not reported. 
. ._ be obtaitted-for-these ‘groups individually. -- -- ‘~ 
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able 1. Observational Studies of Lutein to Reduce _ Risk of Macular Degeneration 

Author, Year, Age 
Country Gender 
Stucly Name N Study design Duration Eligibility criteria Ethrticity /, 
Seddon et al, 1994 87% (356 Case-control NA (ndt Eligible cases: people ages 55 to 80 years in 

Morn the &&anc&or exudative neovascular 
yean age 71(55- 

US cases, 520 prospective) 80) among cases, 
Eye Disease Case- controls) form of AMD was diagnosed within 1 year of their 68 (55-80) among 
~o~trol’study enrc&nent.in~o the study and who resided in or controls. 

near‘the community in which the cliZlical center 56% of cases, 

j 
( 

-was-locate& as-defined by-~ZIF-code tist9ng:- 53y6 (j.f cls&& - ; 
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Evide, able 1. Observational Studies of Lutein to Reduce -. Risk of Macular Degeneration 

Author, Year, Age 
Cqlmtry Gender 
Study Namer N Study design Our&ion Eligibility criteria Ethnicity 

$neflen et’al, 2002 138 (72 cases, Case-control NA (not Att eligible cases and qontrots were approached Mean age 76.4 
The Netherlands 66 controls) prospective) during routine outpatient examinationsat the (SD 6.0) among 

Ophthaimology Department of the University cases, 71.3 (SD 
Medical Centre, Nijmegen (The Netherlands) 6.6) among 
between March 1998 and June 1998. controls. I. _ . . ” %%XE%B cntena Wcasosi’ neov&sk~dr AMD,’ 54X-c% cases, 

.“. 

a&e 60 qears or older and no .dj&et& meilitus. 45% of controls 
,:) 2.; f j .,i‘-? : ‘i.--,- r ; .: ,. .t .f I, .*I. “k? . :~.,z’” : ii.;;:. ++:i i::-l.i~~#~~lf,sel~t~d Tram Ithe same ou~at~ent clinic: fefnale. ‘ 

., ._ ; . /i , /, .‘>‘ -s ‘fr I’ -z:- a@ ,%6. is Or old&, n&form of AfjW~ no lkAmm.it _ 
d~~be~~s~~ellitus,~a~d no cataracts. ’ reported. ’ 
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Evide, able 1. Observational Studies of Lutein to Reduce . . Risk of Macular Degeneration 

et al, 1998 two time periods (5 and 15 years prior to disease ascertainment) coibcted same cohort 
us during in-person interviews by trained interviewers. Intake estimated by a 
f3e&mr Dam Eye composite d&abase that inc&porated updhted values from the’USDA. 
Study 

-FFQ modified from the Block N~i-Heath-Habits and t-fistory Questionnaire. ~- -- i 

Exposure: 
Author, Year, SoUrcei 
country amour& 
Study Name duration/ measurement C+mparator Followup rate 

Vandenlangenberg Data onthe intake’of food and supplements from validated iO#-item FFQ‘for Quimile 1 of the 81% of known survivors 
(i709/2110) 
(79.4% overal, 170912152) 

2429 invited to participate 
21-52,~rnpfet~d’~~~l~a FFQ 
2003 completed base&e FFQ 
and&p@& diet EFQ 
23 !p ?&~I~ a5ive at,5 years 
I7OG bad S-year followup 
ym 
If!@3 free bf ~revat~t~ d&ease 
at basetine (not included in ’ 
anatysis) I_ 
1657, had evaL&e retinal 
autography at base&e, and 
f/u : 
1657. had baseline Ff”Q 
l~&~,~a~b~~~~~n~ ind’past 
t&q FFQ ~a~a~~~d) 
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Evide. _ able 1. Observational Studies of Lutein to Reduce _. Risk of Macular Degeneration 

Author, Year, 
COUllt~ 
Study Name 

Flood et al; 2002 

Exposure: 
Source1 
amoiinti 
durationf ‘measurement Comparator Foltowup rate 

Vakdated‘FFQ sent by mail, brought in by participants to exam. USDA Quintile 1 of the 7!$%$ of known survivors 
Australia Carotenoid Food~Composition database used to estiimate carotenoid intake 
Blue Mbuntains from the FFQ. 
Eye-Study 

FFQ 14%item modified from the Wiiiett questionnaire. 
.-...-. .‘ .-~ 

same- cohort (233513111) 

3654 participated in baseline 
assessment (FFQ and eye ,_ axam)’ . 

2333 re-examined at 5-year 
, f~~lowup.(~3 died, 383 1 ai 
~~~d~’ : ,I 

%%4-543’who died=31 II 
stirvivors 
233ii23~ 11 
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Evide, able 1. Observational Studies of Lutein to Reduce Risk of Macular Degeneration 

Exposure: 
Author, Year, SOUW?l 

Cbuntfy amount! 
Study Name duration/ measurement 

Mares-f%rlmari et al; intake of ilit&in &IS zeakanthin estimated from FFQ. Carotenoid levels 
assigned based on {he US Department of Agriculture National Cancer Snstiiute 
Carotenoid F&d Composition Database. 
10th percentite (ages 40-59): 394 m&g/day 
50th percentile (ag& 40-59): 1592 mcglday 
99th per&ntile (ages-40-59): 5554 mcg/day 

Foiiowup rate 

57% of the original targeted 

: : 

intake in the sample included in the 
same cohort analysis {persons v$o had a 

gragaljte func&s photograph 
for ARM; provided’food 
fr~~u~ii~~ijir~stiotiii8iies, and 

Comparator 

-- --- _... 

&qvided. blood for analyses of 

High vs low 

serum metabolite& _) 

l&b ~~~~~ie T $qjz 382 m~gl~ay 
50th percentile (ages ~80):‘4443 mcg/day 
90th :percentile (ages ,801: 5601 mcgldsry 
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Evide, able 1. Observational Studies of Lutein to Redtice . . Risk of Macular Degeneration 

Exposure: 
Author, Year, Source/ _ 
ColJIqry amount/ 
Study Name duration! measuremept 

Seddon et al; 1994 FFQ 
US’ Median intake of lutein/zea&thin 
Eye Disease Case- Quintile 1: 560.8 mcg 
Control Study Quintile 2: 121? ‘mbg 

&htile 3: 1708 mcg 
Quintile~4: 2487 mcg ^ 
Quintlle 5: ,5757 mcg 

> 

. 

Comparator Foilowup rate 

Quint@ 1 of the 82% of eligible cases and 
same cohort 78% of eligible control 

subjects agreed to participate. 

<- .L, , “ 5 i ,,I’ ‘_ 
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Evida Table 1. Observational Studies of Lutein to Reduct Risk of Macular Degeneration 

Author, Year, 
Country 
St&y rjame 

Exposure: 
Source/ 
amount/ 
durationl measurement Comparator Followup rate 

Snellen et di, 2002 bata collected in a personal interview using a structured (verbal) questionnaire. High vs low 4 patients refused to 
The Netherlands Amouiit of lutein not reported; point scores were ass&M to foods based on intake in the participate (92% response 

the amount of lutein and zeaxanthin they contain to determine high and low same cohort rate) 
ink&e ieveis. 

,’ 
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Table 1. Observational Studies of Lutein to ReduL, e Risk of Macular Degeneration 

Author, Year, 
country 
Study Name Outcomes, Definition Method and Timing of Outcome Assessment 

Vandenlangenberg 5-y&ar incidence of early AF@vl lesions: larg,e.(M25 mcm) Eye exams consisted of taking stereos&c ,30 degree 
et al, 1998 dtisen, and retiinai pigment&y abnotialities. Patients color fundus phbtotiraphs. Photos graded by persons 
us were eligible for specific analyses if they did not have masked to participant characteristics. Side-by-side 
Beaver Dam Eye specific &ions at baseline. compari$ons of baselinti L&US ~~llowup photographs 
Stirdy were conducted for eyes that sho&ed 

~. Participants-were-afso categorized as having “arty” -- - - -~ .. - ‘ 
incident .ARM, defined as the ‘presence bf either soft, 
i~~~~n~t dr&er? or of any type‘oi dr&& &ociated with. 
.~~grn~~~~~~~~~ati~s ,~i~~~e~~ ~~~~~~~j~rn~t and 
d~pigmentat~~),at followup when none of these tesiqns 
were p&sent at baseline, , 
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E v i d e . a b l e  1 . O b s e r v a tio n a l  S tud ies  o f L u te in  to  R e d u c t _ _  Risk o f Macu la r  D e g e n e r a tio n  

A u th o r , Y e a r , 
C o u n try 
S tu d y  N a m e  O u tco m e s , tle fin i t ion M e th o d  a n d  T im ing  o f O u tco m e  Assessmen t 

F food  e t ai, 2 0 0 2  fa r @  A g e - ~ ~ ~ te d ’~ ~ c u l o ~ ~ thy  ( A tZM )  d e fin e d  as  th e  C o m p i e h e n & e  e y e  e x a m  a t base l i ne  a n d - 5 - y e a r  
A u s tral ia a b s e n c e  o f A !$ !3  a n d  ei ther:  (I )  l a rge  ( > I2 5  m c g  fo l l owup . A t b o th  e x a m s , ste reoscop ic  3 0  d e g r e e  
B Iu e  M o u n ta ins  d i a m e te r )  indist inct soft o r  r e ticu la r  d r u s e n , o r  (2 )  b o th  r e tina l  p h o to g r a p h s  o f b o th  eyes  w e r e  ta k e n . A R M  
E y e  S tu d y  l a rge , distinct, soft d r u s e n  a n d  r e tina l  p i g m e n tary  g r a d i n g  fo l l owed  cldsety th e  W isconsin A g e - R e l a te d  

a b n o r m a l i ties, wi th in a  s u p e r i m p o s e d  g r a d i n g  g r id  in  th e  M a c u i o p a thy  G r a d i n g  System. 
m a c u l a r - a r e a . - -  . 

I )  tn $ d e n t D  d e fin e d  as  p r e s e n c e  o f A M 3  in  e i ther  
e y e  a t f~ ~ ~ o w ~ p  o f pe rsons  d e b u t A M D  in  b o th  e y e 6  a t 
b a s e fin e . 

2 )  ~ ~ ~ i~ ~ ~ t,e ~ ~ ~ ~ -  W IS  ~ a ~ ~ e d ~ a s  p ~ s e n ~ e  o f ear ly  
A R M  in  e i ther  e $ e  a t fo ~ ~ o w u p  o f pe rsons  ~ t~ o u t e i ther  
A M 0  o r  ear ly  A R M  in  b o th  eyes  a t base l ine ,  a n d  a lso  
w a h o o -  A M D  a t fo ~ ~ o w u ~ . 

3 )  + q b jqts a t r isk fo r  inc ident  ear ly  A N I i nc luded  
th o s e  w ,h o  h a d  a t ~ ~ ~ t~ n a ”d ~ s ~ j ~ ~ t,so ~  d r u s e n o r  r e tin a ! 
~ ~ g ~ e n ta ~  a b ~ o ~ ~ ~ ~ t~ ~  a tb n e , ~ i~ h ,we~  n o t 
c o & d e & d  as  ear ly  A ~ ~ .~ ~  th e  tim e . .’ 

\  “. s  
, ;  _’ 

P a g e  1 2  o f 2 0  



able I, Observational Studies of Lutein to Reduct Risk of Macular Degeneration 

Author, Year, 
Country 
Study Name Outcomes, Definition Method and Timing of Outcome Assessment 

Mares-Pedman et al, So)tdrusen defined by their diameter (larger than 63 Medical exam took place in a tiobile 6xamination 
q301 mcm). center. Protocols for obtaining and grading fundus 
US Late ARM defined as the presence of signs of exudative photographs were adapted from the Wisconsin ARM 
Third National ARM d’egeneration or pure geographic afiophy (sharply Grading Scheme. 
Health and delineated, roughly round or oval area of apparent 

.Nutrition absence-of the retinai-pigment-ep~Ktelium in which- . . . 

~xa~~~at~~ choroida! vessels are more visible than in surrounding 
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Evide ” able I. Observational Studies of Lutein to Reduct I Risk of Macular Degeneration 

Author, Year, 
Country 
Studv Name Outcomes. Definition Method and Timing of Outcome Assessment 

us than 20/2O in the affected eye or distortion on the Amsler by a retina spesialkt; as well as by fundus photography 
Eye Disease Case- grid, drusen in either eye, and al least one of the following and fluorescein angiography. 
Control Study signs df exudative A&ID: I) macular fibrous scar; and/or 2) 

subretinal hemorrhage or fiuprescein angiographic signs 
of veovascularizatiqn with one or more of the&Sowing- 
clinical signs involving,the macula::a neurosensory 
detaChm&t, @id de~~~ts,.g~~y subretinaf membrane, or 
a r~t~~a~ ~~grna~t ~p~~~i~rn detachment.’ 

, 
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Evid, Table I. Observational Studies of Lutein to Reduc, Risk of Macular Degeneration 

Author, Year, 
Country 
Study Name Outcomes, Definition Method and Timing of Outcome Assessment 

Sneilen et al, 2002 Neovakcular AMD; riot defined. Method of dete~ining diagnosis not reported. 
The Netherlands 
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Evide able 1. Observational Studies of Lutein to Reduct Risk of Macular Degeneration 

Author, Year, 
country Confounders controlled for 
Study Name Results in analysis Funding source 

Vande~langenberg S-year incidence of age-reiated Maculopathy Age, sex, total calories, pack- National institutes of Health and 
et al, 1998 Adjusted OR (95% CJ) 

Large drusen (114/j W&8%) 
years smoked, bear Intake, Research to Prevent Blindness. 

us history of cardiovascular 
Beaver Dam Eye (infake in the past IO years) 

Study 
Quintile 1: 1 .O (referent) ’ 

disease, ahd history of 

Quintiie 2: 0.76 ‘(0.4; 1.5) 
diabetes. 

Quint&- 3: 0.76 (OX; 1.5) 
QuintiJe 4: O-93 (0.5, -1.7) 
QuintJJe 5: 0.93 (0.5, 1.6) 
p f&r ,&end=, O&j,, 
@&2ke in the pasf year) 
Quintile I : 1 .Q (referent) 
Q~J~~Je.2~ cr&‘s-(6.3, 1.3) 

j QuitWe 3: 1.04 (0.6, 1.9) 
Qulntile;lt: 0.92 (0.5, 9:6) 
QuintiJe 5; 0.83 (0.5, 1‘8) 
p fcr~trcnd- 4.67 
Pigmentary apnbrma#~ties (6~14~~~5%) 
(intake in the past ?O years) 
QuJntiJe 1: I,0 @&rent) 
~~in,~e 2: 136[6.6,3.2) _ 
Quint@ 3: 1.66 (6.4,2:6) 
~~~~tjie 4:‘0.5~ (0.2, 1.5) 
Quiritiie 5: i .;rs (O&3.5) 
p-for fret-Id= O-66 
(infake >n the pasf ye-@ 
‘Q~i~~Je~ +I : 1.6 ~~~fer~~~) 
Quintite 2:‘O.S (0.3,2.0) 
Quint@ 3: 0.92 (0.4, 2.1) 
QuintiJe 4: 1.13 (0.5,2.6) 
Quintile 5: 0.84 (0.3,2.0) 
p for trend= 0.87 
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able 1. Observational Studies of Lutein to Reduct Risk of Macular Degeneration 

Author, Year, 
Country 
Study Name 

Flood et al, 2002 
Austrafia 
,Blue Mountains 
Eye Stf.xly 

Results 

1) fncident AMD: 
2-l .cases (no association with baseline intake, data not 
reported) 

Confounders controlled for 
in anaiysis Funding source 

Age, gender, smoking, family National Health and Medical 
history of ARM, energy. Research Councit, Canberra, 

Australia. 

2) incident Early Age-related Maculopathy 
i .‘, ~ul~~ariate~R.~95~ CL) . . 

Quint& 1: 1 .O (referent) 
Quint& 2: 5j?O,m-cg:[1.9 (0.5, 1.5) . 
Q~i~t~~e 3:‘Tgbw2g: q3 (0.5; ~1.4) 
Quintile 4: 967 mcg: 0.7 (0.4, 1.3) 
QufntW5: $466 meg: 1.0@.6;1.6) 
p far trend= O:@ -’ 

3) At risk for incident e&y ARM: 
Progression from~AREDS category 1 or 2 to 3 or 4: 
206/?709 (12%); (analysis-based on only 162 who completed 
FFQ). 
No association with baseline infake,. data not repotied. 
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Table 1. Observational Studies of Lutein to Redub- e Risk of Macular Degeneration 

Author, Year, 
country 
Study Name Results 

Mares-P&man et al, Adjusted odds ratio (95% Cl) for soft drusen in high vs low 
2001 quint&s of lutein and zexanthin in the diet: 
us Total: 1.4 (1 .O, 1.8) 
Third National ages 40-59: I .2 (0.6,2.3) 
Health and ages 60-79: I,3 (0.9, 1.9) 
Nutriiiun. -ages #: 2.4 (I .3, .4,4) .~. 

examination 
S~~ey {NHANES 
fffj. 

Confounders controlled for 
in analysis Funding source 

Age, gender, alcohol use, NIX and Research to Prevent 
hypertension, smoking, and Blindness 
BMI. 
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Evide able 4. Observational Studies of Lutein to Reduct _ Risk of Macular Degeneration 

Author, Year, 
Country Confounders controlled for 
Study N&me Results in analysis Funding source 
Seddon et-al, 1994 Adjusted OR (95% Cl) for exudative AMD by quintile of energy- Age, sex, clinic, educatibn, National Eye Institute 
us adjusted nutrient intake (luteinlzeaxanthin median intake): sy&olic blodd pressure, self- 
Eye Disease Case- Quintile 1: 1 .O (referent) reported physical activity level, 
Control Study Quintile 2: 1.14 (0.7, I .8) alcohof intake, BMI, and 

Quintile 3: 0.84 (0.5, 1.3) smoking status. 
.Quintife 4: .O.Z7 (O-5,3.2) . . 
Quintile 5: 0.43 (0.2, 0.7) 
p for trend <0.00-l 
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Evide able 1. Observational Studies of Lutein to Reduct Risk of Macular Degeneration 

Author, Year, 
Country Confounders controlled for 
Study Name Results in analysis Funding source 

Sneifen et al, 2002 Adjusted OR (95% Cl) for AMD by quartile of intake: Age, cigarette smoking, Not reported 
The Netherlands Highest: 1 .O (referent) sunfight expdsure, and family 

High: 3.4 (0.9, 12.3) history. 
Low: 3.6 (I .O, 12.9) 
Lowest: 5.3 (I 5, 16.4) 
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Evide‘ able 2. internal validity of studies of lutein to redlrL _ e risk of macular degeneration 

Author, Year, 
COWltry 
Study Name 
Flood -et al, 2002 

-Australia -. -door-to&xx contact. a.tdy~wii 

Hue Mountains powered for 

Eyis study 
rna~~!o~a#y, 
flut.A~~ -’ * 

Clear Appropriate 
Suffiqiently description of Appropriate exposure/ msasurepxent 

Unbiased selectiofi of cohort? large? cohort? intervention measures? of autcomes? 
Yes- census info, 2 postal codes, phone and Yes for ARM- ,Yes Yes _ -05 for.ea@ ARW _ but early ARM 6 

Yes YE3 

not a skinyogate for 
AMD, only a risk 
f&or for ‘AMD 

V~~~e~iang~~berg Yes 
#al, 1998 
us 
‘@aver Dam Eye 
Study 

Not clear Ok for eafty ARM, 
but early Afihfl is 
tx3t.a surrogate for 
AM& only a risk 
factor for AMD 

‘ 
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able 2. Internal validity of studies of lutein to redb, _ e risk of macular degeneration 

Author, Year, 
Country 
§tudy Name Unbiased selection of cohort? 

Significant differences (p<O.Ol) in the 

Clear Appropriate 
Sufficiently description of Appropriate exposure/ measurement 
large? cohort? intervention measures? of outcomes? 
Not clear; Yes No- collection of dietary Yes for ARM 

ch&&zteristics of partiG+its irictuded power 
compared eith; those excluded are as ca~c~Jation not 
follovris: patiicipants who.were included reported , 
k&e less ~jk~~y.to be cu~~~srnuke~ 
(19% Vs 24%), but more likely to have 
smoked in ihe past (37!% vs 30%). A 
~~at~prup~o~~ p~~cjpa~ts‘ were -- 
white (63% \is 73%) and fewet were non- 
M&panic blacks (8%,vs 36!&). Included 
p&icipa& ,were also less likely to have a 
histo-ry of hypertension‘ (47% vs, 52%) or 
diabetes (9% vs ‘13%). ~~tr~tjo~a~ 
cha~a~t~ri~~ &XI ~~rne~rn~s’vaii~d by 
~~~i~~~i~~ sfattis,~ t&w&&f vitainin E in 
the serum ,w~re~~g~e~.~ those include 
~rn~~r~ &i&Ii the@ e~~l~d~.~. T‘he, 
d~~~e~~.in~~~~,of tirp and qf lute& @LEG 
zeaxanttifjin was sl~g~tfy higher in jn~~de~ 
stibjects, 

infoitiation was noi and ma&jar soft 
prospective, keasured current drsisen; A’MD 
l~ein/~eaxanthin intake via 24- not measured. 
h&r re&il: + ~ 
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Evide. able 2. Internal validity of studies of lutein to redb, _ e risk of macular degeneration 

Author, Year, Cfear Appropriate 
Country Sufficiently description of Appropriate exposure/ measurement 
Study Name Unbiased selection of cohort? faige? cohort? inter&ntion measures? of outcomes? 
Seddon et af, 1994 Yes Not clear; No No- collection of dfetaty Yes 

--us power informaiiorYwa5 Goi’ 
Eye Disease Case- cafculation not prospect&e, based an reali in 
Controi Study reported ,patients with or witbout current 

_. ‘, AF;RD ~~d~~ei~f~~~ subjekt f&. .. 

bias. 

Shellen et at, 2002 More case patients were female, smoked, Nat clear; Yes 
The Netherfands had sunlight exp&ur+, !ow antioxidant power 

intake and first degree ref;litives with fow ~l~~atio~ not 
~is~al,~cu~~ integrated As AMD. reported 

No: collection of dietary Detaiis not 
i~furmatia~ waqof reported 
prosp~~j~e, based on recall in 
p~t~~§ &t$ or w~ut cL@&nt 

a- and therefar; su,bj&t to 
bias; ~~te~~ew. and method of 
c{as~~~g lutein intake not 
~~iid~fed~ ’ 
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able 2. internal validity of studies of lutein to redh- __. e risk of macular degeneration 

Appropriate 
statistical and 
analytical 
methods and Overali 

Author, Year, Adequate reporting Quality 
Country fotlowup Fotlowup rate (irtutlivariate Rep&Wig Rating 
Study Name per&l? adequate? adjustments)? errok? vvw) 
FIood et al, 2002 5 years No, <8Q% foilowup. Yes NO B 
Australia- 
Blue ~~un~~ins - 
Eye Study 

.,. 

/ 
Va~d~nla~gen~e~g 5 years 
et al, 1998 
us 
Beaver Dam Eye 
Study 

~_. . _ . 
No, <80% fo#iowup. Yes No B 
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Evide. able 2. Internal validity of studies of tutein to red&, _. e risk of macular degeneration 

Appropriate 
statistical and 
analytical 
methods and Overall 

Author, Year, Adequate reporting Quality 
country foliowup Followup rate @wtlivariate Reporting Rating 
Study Hame perkd? adequate? adjustments)? errors? W,Cl 
tiares-Perlman et NA, not NA Yes No c 

jxospSktivi3 at, 2001 
us 
Third National _. 

.~~a~~~a~d- ./ 

nutrition 
~~arn~~at~~ i ..; - 

--~~~e~,~~~-~~~ 
ill) 
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able 2. Internal vafidity of studies of lutein to redb, _ he risk of macular degeneration 

Author, Year, 
country 
Study Name period? adequate,? 
Ekddon et al, 1994 NA, not NA 

Appropriate 
statistical and 
analytical 
methods and Overall 

Adequate reporting Quality 
followlJp Foltowup rate (mutlivariate Reporting Rating 

acijustments)? errors? @UW 
Yes NO c 

us. ~- prospecti\ie 
Eye Disease f&se- 
Control Study ,._,_ .,. 

- 

Snelten et al, 2002 NA,not NA YES Yes- N in text C 
?“he Netherlands prospectike and table / 

does nftt 
agrise 

I 

(l~~/l~~~ ’ 
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Evidenc6 Table 3. External validity of studies of lutein to redub he risk of macular degeneration 

Author, Year, 
Country 
Study Name 

Sufficiently Gender 
large? 

Racial/ 
ethnk 
grokips 

Age range Baseline diet Other population Overall Applicability 
similar to US features 
population? 

(external validity) 
I-III 

Flood et al, 2002 Yes 
Australia 
Blue,Mountains 
Eye~Stqdy 

---  

Va~de~~a~~enbe~~ ue~$ 
et al, 1998 
us 
Beaver Dam,Eye 
study 

~ar~~-Pa~~a~ et Not +XM- 
al, 2001 
us 
Third National 
Wealth and 
NGtrition 
Examination 
Survey (WANES 
Ill) 

56.7% female entire cohort: 
99% white 

Nutrition entire cohort: 
subsample: 99% white 
55.5% Femafe 

83% it@, 
8% nan- 
Hispanic 
bfacks 

432% 80+ &&le was 71 Q/GM0 
kcal per day dr 1466 
gg@& 

49-97 years. Baseline lutein intake Small, limited 
Those completing may be lower than geographic region. 
FFQ: mean age 64.2, the average US diet 
31.5% r60;41.8% 60- (US<1500 mcg per 
69,22.4% RI-79, .da;, if& study highest 

II 

Letis of v~t~~~~ E ilp 
sqrum and dietary 
intake of zinc and 
lutein plus zeaxanthin 
was ‘slightiy high+ in 
included vS; excluded 
subjects. 

Small, limited 
geographic region. 

If 
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able 3. External validity of studies of lutein to redul; he risk of macular degeneration 

Author, Year, 
Country 
Study Name 

Sufficiently Gender 
large? 

Racial/ 
ethnic 
groups 

Age range Baseline diet Other population Overall Applicability 
similar to US features 
pop&ion? 

(external validity) 
i-ill 

Seddon et al, 1994 Not clear 
us, 
Eye Disease 
.Gase-Controi 
Study 

-_ ‘- ,. 

56% of All but 6 Mean age 71 Lutein intake higher II 
cases and participants among cases (!%- than we~+~ US 
55% of were white; 80),68 among population; median 

controls were analyses were controls (55-80) intake of luteein by ; -- -~ . 
female restricted only quintite ranged from 

tom v4hites. 
5so.s mcg to 5757 
mcg. _“ , 

Snellen et al, 2002 Not clear 54% of ra~/ethni~~ty Mean age 76.4 L&in intake not 46% of oases also 4 
The Nether4ands c&es and -. _ , ~ot.~epu~e~. ~e~rs..~rno~~.~~as, qpjc@, @%v$fied as ha~~t~~~ta, . .- 

45% of 71.3 among low-high. E?iagnosed eye 
controts were cuntrots (p~~.~o~ ) di%%ztses arirong 
female _ control patients 

coflsi$t~d of retinal 
ablatio (33%~)~ 
glaucama (24X), 

_ vision ixx&roi 
(-1;4%), qiqcuiar 
hole .(%Y!& and 
mlcr.oliw&r\. ‘A 
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Evide, able 4. Observational Studies of Lutein to Reduct _ Risk of Cataracts , 

Author, Year, Age 
Country 

Study Name 
Chasan-Taber et 
al.2999. 
us 
Nukses” Health 
stony. ’ / 

Gender 
N Study design Duration Efigibility criteria Ethnicity 

77,466 Prospective 12 years Fern&e registered nurs& aged 30 to 55’year.s 45-71 years old at start. Others 
COhOft who resided in any of 14 states-and returned a- included as they reached agi, 45 

mailed questionnaire on tiedical history, use of during study period 
oral, ~~~~~~~~~~~~~ and risk factors for dancer 1 qO% women 
and ~rdjov~sc~ar,d~ea~*~ ” “’ .’ - - 

Exclusions: 
.~~~~nw~~~~~~dad~~rxtsisbfcimcrer _- .. ;- 
(except nonmelanoma skin cancer) before 1980; 
at the beginning oi each subsequent Z-year tin%+ 
periad, eicluded women who r&potied a’ 
diagnosis of cancer. <45 years of asa in 1980 
exclu~&d, added to the analysis as they beGame 
45, 
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Evide. able 4. Observational Studies of Lutein to Reduce _ Risk of Cataracts 

Author, Year, Age 
Countty Gender 
Sty$y Name N Study design Duration Eligibility criteria Ethnicity 

Jacques et al, 603 Retrospective 13-I 5 years Nuts& Heaifh Study cohort members aged 53 to Mean age 61 
2001 . study nested h 73 years who resided in%e Bostorr, MA, area, 100% *omen 
us a prospective were free of diagposed caricer other than Ethnjci~,not reported 
~~rjtjo~ and cohort study no~m~tanorn? skin ,cancer, had complete dietary 
~~~~~~..P~ojec# data, and had~b~t~ ~~~s~s~~~a~~. 
ww 

. (subset afthe 
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Evide, able 4. Observational Studies of Lutein to Reduct Risk of Cataracts 

Author, Year, 
Country 
Study Name 

Age 
Gender 

N Study design Duration Eii~i~ili~ criteria Ethn~~i~ 

Taylor et al, 2001 
US 
PjVP 
(subset of the 

Study) 

603 Retrospecbve 13-I 5 years 
study nested in 
a prospective 
cbhort study 

.‘ 

(Same as Jacques) See Jacques 
Nurses HealthStudy cohort members aged 53 to 
73 years who resided in the Boston, MA, area, 
were free ,of diagnosed cancer other than 
nonmelanomaskirt-caner,-had cowiete dietary I’ 
data, and had both lenses intakt. 
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Evide. able 4. Observational Studies of Lutein to Reduce I Risk of Cataracts 

Author, Year, Age 
country Gender 
Study Name N Study design Duration Eligi~~li~ criteria Ethi-ticSty 

Brown &al, 1999 36,644 Prospective 8 years US male delitists; optomerists, osteopaths, 100% male 
-us cohort podiatrists, pharmacists, and-veterinarians, aged Predominant% white 
I-kaRh 40-75 years in 1986, who respond@ to a mailed 
~r~fessi~na~s ’ question~ajre sent in February i@S that e&ited 
Fuli~~ aids. ~f~at~ w$ge, ma&taf ~~t~~-hei~~t-,~d + 

weight, ancestry, medication use, disease history, 
physical act/vity, and &et. . 

_ _ (.. _- I-- 
Exclusions: 
M~~-wbo did not adequately complete the FFQ; 
those who reported on the N&6 questionnaire a 
diagnosis of cancer (except ~o~~ia~o~a skin 
cancer); m& ~45 years at” baseline excluded, 
fo~ow~~ began as the~t~ffled 45 years. 
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Evide. able 4. Observational Studies of Lutein to Reduce. _. Risk of Cataracts 

Author, Year, Age 
Cbuntry 
Study Name 

Lyle- et ai, 1999 
us 
Beaver Dam Eye 
Siudy 

_ ,. 

Gender 
ii Study design duration Eligibility criteria ~th~ici~ 

1,364 Popuiation- 5 years Middle-aged and older adults in a primarily entire cohort: mean age 60.6, SD 
based, Caucasian -community in soutkerrtral 17.3, range 43-86 
prospective Wisconsin, enrolled in we Beaver Dam Eye entire cohort: 99% white 
cohort Study. 7%~ entire pop~~?tjon 6f perso?s aged 43- 

., &l-years ~e~~~~.~~ l+hwwf ~arn,~~ ~~en~~e~ .. 
by private census and recruited for the study. 
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Evideb able 4. Observational Studies of Lutein to Reduce .._ Risk of Cataracts 

Author, Year, Age 
country Gender 
study Name N Study design Duration Efigibility criteria Ethnic&y 

Vaiero et at, 2002 692 (347 Case-control NA Residents of the catchment area of the primary % in age group (years): 
Spain cases, 345 health care centerof-the town of Burjassot; 55-59: 1 I .6% of-&s‘&+, 12% contr& ’ 

controls) located on the ,~edite~anea~ cad coast of Spain. 60-64: 24% of cases, 25.2% of 
Cases‘ and cc&trols were drawn from patients controls 
a~~n$ing,the.~tha~m~~~y ~t~at~~~t cRr&c at Ei-6&31:2% of -cases, 29.3% of 
the heafth care center. Most patients were con Woofs 
n&t-red for ~opht~almoio~c checkup by lber 

. . ~~~1 .~&jgj 
70-74: 33.?% ofcases, 33,5% of 

.-~&hers-, ~~r~dy~~~~ by co&&~ - -” .‘- -- 
the ophthalmolog~sts~ %re coming back for 
routine scheduled visits. 56.6% female among cases; 60.1% 

female among controis 

~a~/~thnj~j~,~ot mopeds subjects 
were residerits of or&to,wn on the 
~editer~a~~~n east coasf of Spain. 
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Evideb able 4. Observational Studies of tutein to Reduce __ Risk of Catgracts 

Author, Year, 
Country 
Study Name 

Exposure: 
Source/ 
amount/ 
duration/ measurement 

Comparator: 
Control or 
background 
dietl 
sourcef 
amount/ 
duration! 
measurement Followup rate j, 

Chasan-Taber et FFQ that assessed usual dietary intake over the past year. Lowest quintile Overall followup rate in NHS 
al,,1999 Administered by mail at baseline (3980), 1982, 1994, 1986 of intake in the- as- of 1992: 90.1% 
us (1986 FPQ added questions about usual dietary intake during high school). same cohort. 98,462/l 02,417 responders 
Nurses* Health Sourqe: Lutein soore from foods only, not supplement& 

t.l~~~ ,n~f~~~?~i~~a~~~ re@#ed onthe 3980 d~gt~~ q~~~o~na~re”~r fo~o~p 
oompteted the 1980 FFQ 

stua! (Q~~~~~~ .__ ‘., 
period 1980-1984 and ,subsaquently, an average of intakes from the 1980 and 
1984 FFQs for the folluwup period from 1964 to WQ2. Changes in diet after 

81,757195,458 responders 
compi&ed 1984 the FFQ 

--- ---. -- :! 984. &y-e ~ut~;~nco~~o~~gd... 
Median lutein and zeaxanthin energy-adjusted intake (mcg) 

~~~~6~~. ^ 

Qk.@tfle 1: 4172 
Quintiie 2: 2064 
Quintite 3: 28‘tf 
Quintile 4: 6047 
Quinfjle 5: I 1,985 
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Evider able 4. Observational Studies of Lutein to Reduce _ Risk of Cataracts 

Author, Year, 
Country 
$tudy Name 

Exposure: 
Sourcel 
amountl 
durqtionl measurement 

Comparator: 
Controf or 
background 
diet/ 
source/ 
aniounti 
duration/ 
measurement Followup rate 

Lowest quintile 478/603 (79%) included in FFQ that assessed usual-dietary intake and supplemetit.‘use over the past 
year. of intake in the analysis 
Admjnjstered by mail at baseline (1980), ?982, 1984, 1986, and 1990. same cohort. 
In ad~it~~ to F’FQs collected & part of the Nurses’ Health Study, +n additional 
FFQ ~ad~‘~n~te~~d .&at “~~~~u~~ quas~o~s on vitamin. supplement Use as part 
of the NVP (1993-I 995). 

Median lutein and zeaxanthhin nutrient quintile? used to define intake (mcg) 
Quiritjle j-:‘NA 
Quin$it& 2: 2400 
Qujn~~ 3: 3300 
~~i~t~le 4~: 4300 

‘ 

Q~i~t~~ 5: &XXI 
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”  ,  

E v i d e b  a b l e  4 . O b s e rv a ti o n a l  S tu d i e s  o f L u te i n  to  R e d u c e  R i s k  o f C a ta ra c ts  

C o m p a ra to r: 
C o n tro l  o r  
b a c k g ro u n d  
d i e t/ 

E x p o s u re : s o u rc e ! 
A u th o r, Y e a r, S o u rc e 1  a m o u n t/ 
C o u n try  a m o u n t/ d u ra ti o n / 
S tu d y  N a m e  d u ra ti o n ! m e a s u re m e n t m e a s w e m e n t F o l l ‘o w u p  ra te  
T a y i o r  e t a l , 2 0 0 1  { S a m e  a s  J a c q u e s ) L o w e s t q u i n ti fe  4 9 2 /6 0 3  (6 2 % ) i n c l u d e d  i n  th e  
u s  .;_  F & Q  th a t a s s e s s e d  u s u &  d i e ta ry  i n ta k e  a n d ,s u p p i e m e n t u s e  o v e r th e  p a s t -o f i n ta k e  i n  th e  
N W  y e a r. s a m e  c o h o rt. 
(s u b s e t o f th e  ~ rn ~ ~ te r~  b y m a l  a t b a s e & n @  (1 9 & o ), 4 9 8 2 .1 9 6 4 ,1 9 8 6 ; a n d  1 i 9 0 : 
~ ~ e s ’,N e a ~ t~  ~  ~ ~ -a d d j ~ n ,~  F F Q $  ~ ~ e ~ ~ d  a s . p a c e  t~ ~ ‘~ ~ rs ~ s ’ H & th  ;~ ~ y ~  a n  a d d i ti o n a l  
S tu d y )  F F Q  a d m i n i s te re d  th a t ~ n ~ u d e d ,q u e s ti o ~ s  o n  v i ta m i n  s u p p l e m e n t u s e  a s  p a rt 

o fth e  N W  (1 9 9 3 -1 9 9 5 ). ^  
.._  ~ ~ ~ -frd rn  .W ~ rn ~ O  ‘k & h  c o n z p f a ~ -~ -~ 3 =  -- -  

1 9 9 5  tb  c a l c u l a te  th e  a v e ra g e  to ta l  n u tri e n t i n ta k e  fro m  fo o d  a n d  s u p p l e m e n ts  
fo r  e a c h  p a ~ i ~ ~ ~ a ~ t, 

a r i a l y $ i s  (e i c c l i d e d  7 6  
b e c a u s e  th e y  re p 0 rte d .a  
h i s to ry  o f:c a ta rd c t$ , 9  w i th  a  
.~ ~ ~ ~ ~ ~  h i s to ry  o f d & & e s  
b y  4 9 9 0 , 1 9  h a d ’ i n c o m p l e te , 
q ~ ~ e s tj ~ a b ~ e , o r  m i s s i n g  ‘@ n s  
d a ta ; a n &  ‘7  fo r  w h o m  
j n fo ~ a ti o n .a b o u t c o v a r i a te s  
w a s  m i s s i n g . 

M e i d a n  l u te i n  ti n d  z e a x a n th i ti  n u tri e n t q u i n t& e s  u s e d  to  d e fi n e  i n ta k e  (m c g ) 
d u i n ti te  1 : M A  
Q u i ~ tj l e  2 : 2 4 0 0  
Q ~ i ~ ~ j ~  3 : 3 3 0 0  
Q u i n ti &  4 : 4 3 0 0  
Q u i n ~ te  5 : 5 6 0 0  

P a g e  9  o f 2 4  



able 4. Observational Studies of Lutein to Reduct Risk of Cataracts 

Author, Year, 
CbUllt~ 
Study Name 

Exposure: 
Source/ 
amount/ 
duration1 measurement 

Comparator: 
Control or 
background 
dieti 
source/ 
amounff 
duration/ 
measurement Fullowup rate 

Overall foflowup rate in the 
HPFS? ’ -. 

Brown et al, 1999 FFQ mailed at baseline (1986). Lowest quintile 
,us Questions about vitamin-and mineral supptement use and.average frequency of intake in the 
Health ) of consumption of a given unit or portion size for each of 131 focd items during same cohort. 
F~ofess~ona~s the previaus year. intake ecqres were calculated by summing the nutrient 
~~~~u~ stay ~~tr~u~~~,~~ e&--food @k.3d ~~~~~F~~~~~-O~ UCX?; t&it@ fOd- ‘. 

composition data from the USDA, food manufacturers, and other published 
qxyes. ~~~~~~ne‘~~~~es for mrtrients and other exposures tvere canted 
fo~~#=t~rQ~~t t~~‘f~~o~~~ pane& -’ -’ _ 
~e~~~ Mein and zeaxanthin median intake fmcg) 
Quintile “I: 3 3qO 
Quint& 2: .2279‘ 
Quintile 3: 3182 
.Quintile 4: 4342 
Quintib 5687-I 

36,644 included in the 
a~~~ys~s i 
2107 excluded for inadequate 
~Qrn~~tio~ of FFQ, othq not 
e@bb3 (prior diagrlosE5 Sf 
cancer, e45 years of age} 

., 
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Evids able 4. Observational Studies of Lutein to Reduct _ Risk of Cataracts 

Comparator: 
Contfoi or 
background 
diet/ 

Exposure: sourcei 
Author, Year, Sourcei amount/ 
country amount/ duration! 
Study Name duration1 measurement measurement Fotlowup rate 

Lyle et al, 1999 fn$ersori intenliew appioximately one month following the baseline Lowest quintile 1709/2# 52 (79%) followed up 
us examination. Participants asked about their usual-diet -and use of suppleme‘nts of intake in thi! at 5 years (29~~&1uld hot be 
Beaver Dam Eye over the past year. The same ~nfo~a~on yas solicited regarding dietary same cohoti. located or had moved, 202 
!Stgi)? habits ~~rr~spo~~i~g to 10 years before the, ~n~~iew~ Diet was assessed had died, 212 declined 

using a.~~~-~~~ FFQ. F@r ~a~“~~~~~~~t~~~~~~d; ~fo~~~~n.w~~ caption) 
c&e&d on the brand, frequency of use, and amount of nutrient per pill. 
&~otenoid values reflect i~takes’from food alone, because suppfements did 
not ~~t~~ these ids du~~g~~~-.t~~,~~~~s ,s~d~~~ ~~~~~-~~~). -- 

M~ian-~~tei~ intake (mog) 
QuintHe 1: 298 
Quiiifile 2: 459 
Qirintite, 3: ($30 
~~jnti4e 4: 784 
Qu~t~e.5~ 2245 ~ 
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Evide able 4. Observational Studies of Lutein to Reduct _ Risk of Cataracts 

Exposure: 
Author, Year, Source1 
Country amount/ 
Study Name duration/ measurement 
Valero et til, 2002. Questionnaires administered by trained interview&s. Diet&y intake data 
Spain eoliected via FFQ, using a-Spanish version of the Harvard questionnaire. 

Rood samples taken but lutein was ~t,among the nutrients measured in 
‘sefurn . 

Comparator: 
Control or 
background 
diet/ 
source/ 
amour& 
d&ion/ 
measurement Foffowup rate 
Both eyes had 4 cases and II controls did 
LOCS -tr niit ‘atteiid infervlews o? blood 
grading--O; eoilection and were excluded. 
controjs 
fre$uet3ey‘ ‘_ 
‘matched by age 
and gGtider. 
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Evide. ,. able 4. Observational Studies of Lutein to Reduce; __ Risk of Cataracts 

Author, Year, 
country 
Study Name Outcomes, C?efinition Method and Timing of Outcome Assessment 
Chasan-faber et Cataract extraction. Patients asked on a questionnaire if they had had a 
al, 1999- Excluded cataracts cortsidered-by physicians to be either -cataract extraction in 1964; 1986, 1988, t990, or 1992, 
us congenital or secondary to chronic Steroid use, chronic 

~~tfa~&uiaf j~~ernrn~~~on, ocular traztma, previous 
and if so, for “~rrnjss~on to review their medicat 

urses’ Heatlth records. ~p~thalmotogi~t qntagted to confirm 
shady .~~trao~u~r surg~~~.or ~l~~~rna. c)c(=urreW -and date&& +tira&~n -a& to,d~~i~e 

any known cause of the cata+, date of initial 
diagnosis, and the ~~i~jpant~s best corrected vi~uali 

. ._ .._. - -. a~~~~-‘~ km& eyes’ ~fof~;,su~g~~. Msa &~~~~~d 
info~atia~ about focatlon of the Iens opacity in each 
eye with location defined ai nuclear, cortical, posterior 
subcapsular, ‘or any ~~bjnati~~‘of the.3. 
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Evidet . able 4. Observational Studies of Lutein to Reduct Risk of Cataracts 

Author, Year, 
COWdry 
Study Name C&&comes, ~~in~tiu~ Method and Tim&g of Outcome Assessment 

Jacques et al, N&lea; lens opacities. Detailed eye examination using standardized ooi Lens Opacity bassification System W(LOCS ill): Nuclear techniques. CcWr’Rm imag&faKeiiLvSth a 
US 

:ff ~triti~n and 
opacities defined as m&ear opales?ence grade 2.5 or p~t~gra~~c sMlam$ and film to assess thk degree of 
higher. nuclear, cotor and opalescence. L&S III used to 

V~~m Project “ -tieatitfre:ttie. dc@r&e af- nmlear o~~~es~~rn~e. Two 
NW ihdividuat graders scored each photo and then 
@wtxiet of the prepared &cores and arrived at.a consens& Scare. 
NUDGE .‘._ _- . . . . . .‘- ,. ---..-_- -._ . 

§t~dy~ 
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Evide. ble 4. Observational Studies of Lutein to Reduce __ Risk of Cataracts 

Author, Year, 
Country 
Study Name Outczomes, Definition Method and Timing af Outcome Assessment 

Taylor et al, 2001 Cortical or posterior subcapsular lens opacities. (Same as Jacques) 
-us Lerls Opacity Ctassification System .t tl (LOCS Ii t). Detailed eye examination using stanc@dited 
NVP Eyes pnsidered,to have op?ciVes, if the LOCS lit cortical techniqties. Cotor, film images taken with a 
{subset of the opa~escen& grade was 5.5 ‘or greater or the posterior photo$rahic sIit!amp and film to assess tlye degree of 
~U~~~‘~~~~~~ su~psular g@ade w&s 0.3~~ g&at&-. ‘. rtuc4ey oo~~.a~ opeiesctice. LOCS iii used‘to L_ 

Study] measure the degree of nuclear opaies&nce. Two 
~~od~~~~f~g~~d~r~. S&ore$ eac$ photo and‘ then 

_> ~rn~~r~~,s~re~ ~d’a~~ed-at a-consensus-$cor&. 

Page 15 of 24 



-_ 

Evide. able 4. Observational Studies of Lutein to Reduce _ Risk of Cataracts 

Author, Year, 
Countiy 
StudV Name Outcomes, Definition Method and Timing of Outcome Assessment 
BroWn et al, 1999 Cataract extraction. Followup questionnaires sent in 1988, 1990, 1992, and 

. 

$994 toSde&mine~if ttieykhad a Cataract extracticth. 
Data on etiractibn confirmed by medical record review. 

, _ 

_. . _, 
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Evide ___ able 4. Observational Studies of Lutein to Reduct Risk of Cataracts 

Author, Year, 
country 
Study Name Outcomes, Definition Method and Timing of Outcome Assessment 
Lyle et al, 1999 incident cataract. Nuclear opacitik graded kom photographs on a 5 

‘US -. Participants classified as having an incident cataract if. -~ step ordinal scale irsing a Set’ df standard. ph’otbgraphs 
Bagger Dam Eye they were free of severe nucJear ~pac~~tJ~n (i.e., both for ~mparison; independent assessments by 2 
Study ienses at opacity tevefs P -3) and had not had prior graders who were unaware of subject characterkztics. 

titaracf surgery at bazzy&%e, and had at Jeastone~lens . ‘I 
with severe n&ear opacifkatiotl (opacity level 4 or 5) at 
the follo~up e~amJnatJb~. . ,. _.; 

, 
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Evidet . able 4. Observational Studies of Lutein to Reduce Risk of Cataracts 

Author, Year, 
Country 
Study..Name Outcomes, Definition Method and Timing of Outcome Assessment 

V&NO et at, 2002 Case defined as any patient between ages 55 and 74 Cases identified through a primary health care referral 
Spain ’ years; diagnosed with-nuctear;cottical, posterior c&iW amtitig patierits attending thebphth3lmdlogy I 

subcapsular, or mixed cataract (any corn~i~atio~ of these) outpatient clinic over a l4-r%onth period. 
i!, at least one eye and LOCS. I I grade 1 or greater. 
GontFols ~i~.~th eyes of iX9GS 4igraditig ~60. ” 
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Evide able 4. Observational Studies of Lutein to Reduct Risk of Cataracts 

Author, Year, 
Country Confounders co&olled for 
Study Name Results in analysis Funding source 
Ch&an-Taber et tiultiicariate RR (95% Cl) Age, time period, diagnosis of Ngtional Eye Institute, National 
al, 1999 Quintile 1: i .O (referent) diabetes, cigarette smoking, Caffcertnstitute 
us Quintile 2: 1 .Ol (0.88, 1.19) B&II, area of residence, 
Nurses’ Health Quintile 3: 0.95’(0.80, 1 .I 1) 
lady-, Qu~~~la 4: 0~~~.~~.89,0.963. 

number of $ysician visits, 
- ., asp%&3 useV tuta~~~~~er~y 

Q&tile 5: 0.88 (0.75, 1.03) intake, alcohol use. 
p for trend= 0.04 

. _ . . ,. 
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able 4. Observational Studies of Lutein to Reduce Risk of Cataracts 

Author, Year, 
Country 
Study Name ReSults 

Confounders controlred for 
in analysis Funding source 

Jacques et al, 
2001- 
us 
N~~tion and 

‘. Vii&r+ Prejekt 
(NW 
($&set of the 

‘Nurses”3 GeaEffi 
Study) 

Nuclear fens opacities 
-Adjusted OR (95% Ci) 
Quintile I : I .O (reforest) 
Q~~~ti~~ 2: 0.45 (0.24;0&$) 
~~~~~ 3: 9.49 (025, o:Qq 
Quintite 4: 0.39 (0.21,0.72) 
Quintite.5: 0.52 @.??,‘0.91) 
.p.f*r&errf#= @YJfj 

Age at examination, pack- US Department of Agri&&ure, 
years smoked through 1990, N&#tal Research initiative 
history of hypertetisiop 
through 1990, ‘body mass 

Competitive Grant Program, the 
Brigham Surgical Group, National’ 

ind& in ,~9~~,,~~rnrn@r- Ejre Irsstitt;rte, .~~i~~~~ ~~~f~tu~~ of i 
sunlight exposure in 1980, and Health, and Florida Depar&ent’of 
usual a~~ho~.i~~~~ between Citrus. 
is30 and the date of&G -- ~. .I. 
examination, 
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able 4. Observational Studies of Lutein to Reduce _ Risk of Cataracts 

Author, Year, 
country Confounders controlted for 
Study Name Results in analysis Funding source 

Taylor et al, 2001 Cortical lens opacities Age at examination, pack- US Department’of Agriculture, 
us Adjusted OR (WY&l) years-smoked through t990; National Resear&i INitiatEie 
fy Quhti!e ?: I .O (referent) history of ~~e~en~~~n Cbmpetitive Grant Program, the 
(strbset of the Qui~ti~e ?: 5.63 (0.36, 1.05) , trough SGQO, body mass Brigham Su@ical Gri3up, N&ional ~ 
hfursee’ hearth Qu~n~~e~~ -130.(033, 2.183 : j~d%~~ ,~,~~,,s~rn~~ ~~~j~ of He&h; Horid& 
Study) GMntile 4: 1 .O? (0.62, ‘I .67) wniight exposure in 1980, and Department of Citrus, Roche 

QuiritiA,S: 0.86 fO.52,1.44) usual alcohqf @take between Vitamins, 
p fQr-t=pgd. @&) .- ._ _ .- ~~.a~-~t~ && prf @qe : . -- 

examination. 
Posterior s&capsular fens opacities 
Adjustii~ OR (95% cl) 
Quir#!e I,: !-O (referent) 
Quirktile 2: 0.6-l (0.30; 1.25) 
Qujnti~e 3: 0.83 (0.41, 1.68) 
Q~i~t~~~ 4: u~29’~0.~2,0.70) 
Quince 5: 0,60 &G%, 1.35) 

‘p for t&&i fNS) 
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ble 4. Observational Studies of Lutein to Reduce Risk of Cataracts 

Author, Year, 
COUIdrjr Confounders controlled for 
study Name Results in analysis Funding source 

&own et &I, 1999 MujtiLariate RR (95% Ci) Age, time period, diagn&is of National institutes of Health 
us .- Quintile 1: I;0 (referent) diabetes; cigarette$moking; 
Heat& Quit@? 2; l.OO(O.81, I .23) BMt, area of US residence, 
~refess~~~ats 
~~~~~~ bawdy 

~~in~~~ 3: o:ss {0.‘19, I .20) 
~~~~t~~e’4: 0.83 @.6?< I .04) 

aqsi@ use, energy intake, 
p&y&& a~~vi~~~‘~~!.. )- . 

Quint& 5: 0.81 (0.65, 1 .Ol) intake, routine eye exams, and 
p for trend= 0.03 profession. 
. 
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Evidet _ able 4. Observational Studies of Lutein to Reduce Risk of Cataracts 

Author, Year, 
COUllfQ! Confounders controlled for 
Study Name Results in analysis Funding source 

Lyie et al, 1999 Adjusted OR (95% Cl)‘ Age, energy intake, pack- National Eye institute and Research 
us by intake at baseiine (1988-1990): -years of smuking, reported to Prevent Biindness foundatidli. 
Beaver Dam Eye Quintife 1: 1 .O (referent) amount of alcohol consumed 
*dy Quintile 2:.0.90 (0.60, *i 50) per week. 

. Qwjnt~ 3:o-oQ (0.60, “I :X0) _ 
Quintile 4: 1 .OO (0.60, 1,60) 
QuintHe 5: 0.70 (&SO, 1.10) 
~~~.~nd=~.to ._^ ;- -. -. 1 - 

by intake in distaqt past (1978-l 980): 
Quintile 2: I .O @efel;ent) 
Quit&e 2: ti.QO (0.60, 1.60) 
~Quintii~ 3: O,QQ (0.60, 1.74) 
Qwjntite 4: q.70 (Of&& 1.20) 
Quj~tj~e 5: 0.50 (0.30,0.80) 
p for&M= 0.002 
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able 4. Observational Studies of Lutein to Reduce _ Risk of Cataracts 

Author, Year, 
Country Confounders controlled for 
Study Name Results in analysis Funding source 
Valero et al, 2002 Risk of cataract OR (95% Cl): Sex, age, and energy intake. Nutricia Foundation, The 
Spain Quintife 1: I .O (referent) Netherlanrfs; and the 3parlish 

Quintile 2: 0.88 (0.54, 1.42) Ministry of Health. 
QuintBe 3: 0.98 (0.61, I .SF) 

-~~~n~~~,~~ ~,,69,-(~~4~, 1339) ., . 
Quintile 5: 1.00 (0.64, I .64) 
p for trend= 0.78 

,. 
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able 5. Internal validity of studies of lutein to reduc- e risk of cataracts 

Appropriate 
Unbiased Clear exposurei Appropriate Adequate 

Authar, Year, Country selection of description of intervention measurement of fo~lowu~ 
Study Name cohort? Sufficiently large? cohort? measures? outcomes? period? 
Chasan-Taber et al, Yes Yes Yes Yes Yes Yes 

1999 
us 
Nurses! Health Study 

. _, 

Jacqi& et al, 2&H Yes, yes- 
, 

Yes Yes Yes Yes 
us ._ 
.~~~~t~o~ .a~d.~~~ . _- (. --- 
Project 
(subset of the Nurses’ 
H~~~h.St~dy) 
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abk 5. Internal validity of studies of lutein to redub, e risk of cataracts 

Appropriate 
Unbiased Clear exposure/ Appropriate Adequate 

Author, Year, Country selection of description of intervention measur~e~t of fullowup 
Study Name cohort? Sufficiently large? cohort? measures? outcomes? period? 
Brown et al, 1999 
Health Professionals 
Followup Study 

Lyle et at, 1999 

s*ddY . - 

Valero et al, 2002 
Spain 

Yes 

._ 

Yes 

Yes 

Yes 

^ 

Yes 

unknown, sample size 
cafcuiated not calculated for 
tutein‘ intake. 

Yes Yes Yes 8 years, 
adequate 

__. . .”  _ /_ 

Yes Single FFQ, Possibly 5 years, 
borate ~~app~upr~~ta ~derate . . _ . . .._) _./. I- 

measure, stibj&zt “ 
to’ bias 

Yes No, GolleGtii~ Yes 
of .dietary data 
not 
prfziqectiue. 

NA 
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able 5. Internal validity of studies of lutein to redub, e risk of cataracts 

nfrpf uprfart: 

statistical and 
analytical 
methods and Overall 
reportitig Qdity 

Author, Year, Country ~m~tiivariate Reporting Rating 
Study Name Followup rate? adjtistments)? errors? OVW 
Chasm-Taber et al, Overall NHS Yes No A 
1999 cohort, 1992: 

F 90.1% 
Nurses’ Meaith Study 

dJa&& e&i, 2OOj . Overall NHS ves 
. . 

No -‘ A 
us cohort, 1992: _; 

w..‘f % -_ . . _. .-.l _ 
Project 
jibset-of the Nurses’ 
He&l stu+) 

, 

Ti$or ef ?I, 2001 Overall NHS Y&ii 

US cohort, 1992: 
Niftier and Vi&n &.I % 

et3 ‘. 
~~u~~~t of the Nurses” 
Health Study) 
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5. internal validity of studies of lutein to red&., e risk of cataracts 

~pruprwre 
statistical and 
arMyti’cal 
methods and Overall 
reporting Quality 

Author, Year, Country (mut~~variate Reporting Rating 
Study Name Followup rate? adjustments)? errors? WSW3 
Brown et al, 1999 lnadeqbate 
Health Professianais r@porting 
Followup Study 

Lyle et ,a!, 1999 High lqss 
_ ~~~eroarn Eye .(24.5% 102 to 

Study - 
,,;.. - . .._‘ . . . . . 

followup, no 
data’on 
drtipoutsf 

Yes 

Valet-o et al, 2.002 
Spain 

NA YGS 

Yes No A 

No c 

No c 
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Eviden x ble 6. External validity of studies of lutein to red& e risk of cataracts i 

Author, Year, Sufficiently Gender Racial/ Age range Baseline diet Other Overall Applicability 
Country large? ethnic groups similar to US population (external validity) 
Study Name population? features 1-111 

Chasan-Taber et al, Yes 100% female Predominantly 45-71 years old at Unable to assess Nurses only II 

1999 white start. Others 
us included as they 
Nurses* Health reakhed age 45 
Skdy during study period 

J&ju& ef if, 2001 Yes 100% fainale Prtidtiminanfl~ Mean age 61 Unable to assess Nurses-only II 

us white 

N.utr~ti~n and 
> ‘~i~i~~‘“p~j~~ ,_ 

(ytjsi?t of the 

100% female P~ed~minantty 
white 

Yes Nutdtion Predominantly 
subsample: white 
555% female 

Mean age 61 

Entire who& mean 
age 60.6, SD 11.3, 
range 43-86 

Unable to assess Nurses only II 

Unabte to assess Smail, limited II 
geographic region. 
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ble 6. External validity of studies of lutein to redw... e risk of cataracts 

Author, Year, 
Country 
Study Name 

Sufficiently 
large? 

Gender Racial/ Age range Baseline diet Other Overall Applicability 
ethnic groups sirililar to US population (external validity) 

population? features I-III 

Valero et al, 2002 Unknown 56.6% female Racelethnicity % in age group No; Residents of one II 
Spain among cases; not reported. (years): Mediterranean town on the 

60.1% female 55-59: 11.6% of diet presumed Mediterranean 
among cases, 12% controls higher in east coast of 
controls 60-64: 24% of cases, antioxidants than Spain. 

.., 25.2% of controls- the US 
65-69: 31.2% of population 
cases, 29.3% of 

, _. G~ntF~ls 
70-74: 33.2% of’ 

. _ 

. 
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